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ABSTRACT 
 
MEGAN FAESTEL: CLASSIFICATION AND DESCRIPTION OF ALLUVIAL 
PLANT COMMUNITIES OF THE NORTH CAROLINA COASTAL PLAIN 
(Under the direction of Dr. Alan Weakley) 
 
The ecological significance of floodplain forests is well documented. These forests are 
threatened by hydrologic alteration, fragmentation, and invasive species spread. Quantitative 
data that represent and summarize the compositional variation in alluvial vegetation are 
necessary to best protect and manage these forests. In this study, we describe brown-water 
alluvial plant communities in the Coastal Plain of North Carolina, and determine key 
environmental drivers of vegetation composition. Analyses suggest the recognition of 11 
community types nested within 6 broad-scale vegetation types. Broad-scale vegetation types 
reflect landform and canopy floristics whereas community types are more narrowly defined 
by floristic variation and subtle environmental differences. For each broad-scale vegetation 
type and nested community type, we characterize and describe vegetation composition and 
discuss environmental characteristics. Vegetation patterns on the floodplains of the Coastal 
Plain of North Carolina are correlated with hydroperiod, soil texture, and soil chemistry.      
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Classification and Description of Alluvial Plant Communities of the Coastal 
Plain Region of North Carolina 
 
1. Introduction  
 
Floodplains are important wetlands that serve as the interface between aquatic and 
terrestrial systems and, as a result, are often areas of high productivity and provide many 
critical ecosystem services (Hughes 1997; Wharton et al. 1982). Floodplains mitigate the 
severity of floods and filter pollutants from surrounding uplands. They also provide 
important habitat for many plant and animal species and are often quite diverse. Although the 
ecological value of riparian systems is widely recognized, few large tracts of contiguous 
floodplain forest remain intact and threats to this system are high (Catford et al. 2011; Hupp 
et al. 2009; Sharitz & Mitsch 1993). Threats include introduction of non-native species, 
drainage of these wetlands and conversion to agriculture, and changes in hydroperiod due to 
dam construction (Sharitz & Mitsch 1993).   
Vegetation classification is important to basic scientific research because it furthers 
understanding of spatial patterns of vegetation across the landscape and explores species 
responses to environmental changes. Information on vegetation patterns is critical to 
conservation and management of remaining tracts of floodplain forests. Organizations 
interested in the restoration of wetlands require detailed information about both vegetational 
structure and composition of wetlands and important ecological drivers of vegetation 
  
composition. Vegetation classification and description provide this detailed information 
about plant communities, contribute to the general understanding of plant ecology, and also 
inform decision-making by conservation practitioners and land managers.  
Vegetation patterns of floodplains have been studied extensively in the Coastal Plain 
of the Southeastern United States (e.g., Townsend 2001; Hupp 2000; Hodges 1997; Sharitz & 
Mitsch 1993; Wharton et al. 1982; Braun 1950). These past studies point to the importance of 
hydroperiod and fluvial processes in driving natural patterns of ecological succession and 
floristic composition in the region.  
This thesis presents a community classification of riparian vegetation in the 
Southeastern Coastal Plain of North Carolina and explores environmental factors that drive 
spatial patterns of communities on the floodplain. In doing so, it increases our general 
knowledge of different forest types found in the region and potentially informs revisions to 
the U.S. National Vegetation Classification (U.S FGDC 2008). While the primary goal of the 
NVC is to identify and describe all communities in a standardized and quantitative fashion, 
this is still a work in progress. Although a requirement of the NVC standard is that all units 
of vegetation be supported by plot data, many vegetation groups described are provisional 
concepts derived from literature review and qualitative assessments in the field. These 
provisional concepts lack plot data and critical summary information on characteristic 
species (Jennings et al. 2009). The classification presented in this thesis may help to inform 
the National Vegetation Classification because it is based on plot data collected in the field 
and derived quantitatively using a variety of statistical tools. 
2 
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The goal of this thesis is to classify and describe alluvial vegetation on the floodplains 
of the Neuse and Cape Fear Rivers in the Coastal Plain physiographic province of North 
Carolina. We present a quantitative classification and description of riparian forests of this 
region derived from plot data, characterize each community by its diagnostic and indicator 
species, and discuss how each community relates to measured environmental variables 
related to the soil and hydroperiod. We also conduct and discuss a preliminary assessment of 
the compatibility of our results with recognized NVC associations and make 
recommendations to refine the National Vegetation Classification.   
2. Methods 
2.1  Study area 
 The Coastal Plain physiographic province accounts for approximately 8% of the 
landmass of North America and represents the exposed portion of the continental shelf in the 
Southeastern United States (Walker and Coleman 1987). This region is characterized by flat 
to gently sloping landforms underlain by sedimentary rock of Cretaceous age or younger. 
Nearly all the surficial rock is much younger (Fenneman 1938).  
Due to low topographic relief in the region and long exposure to riverine processes, 
floodplains in the Coastal Plain of the Southeastern United States can span five miles in some 
areas and have multiple terraces representing former active floodplains (Hodges 1997). 
Fluvial geomorphic processes alter soil characteristics and produce subtle changes in 
elevation that give rise to various landforms such as point bars, levees, and backswamps 
(Figure 1).  These landforms have unique hydroperiods and soil attributes; this in turn drives 
floristic composition.  
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Figure 1. Generalized fluvial landforms on a Coastal Plain bottomland (figure taken from Hupp 2000). 
 
Common geomorphic features found on these floodplains include point bars, levees, 
bottomlands, flats, and backswamps. Point bars are located nearest the river and are 
composed of soft sediments, composed of recently deposited sand and mud. Levees are raised 
landforms adjacent and parallel to the river and are often the highest points on the floodplain 
in this region. Bottomlands are areas of fairly low topographic relief occurring on floodplain 
terraces and ridges in ridge-and-swale topography, and are subject to short periods of 
inundation. Backswamps are areas farther from the channel that are flooded for much longer 
periods throughout the year. Flats are intermediate areas between levees and backswamps.  
 Generally, floodplains in the Coastal Plain often contain large tracts of swampy 
lowland composed of Cypress-Gum swamp forest. These swamp forests are subject to 
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prolonged inundation and are located in backswamp landforms behind levees.  Areas subject 
to short periods of saturation may contain large stands of bottomland hardwoods. Sediment is 
continually deposited on convex sides on the channel and this lateral accretion produces 
point bars. Point bars support communities that contain early successional species such as 
birch and willow.   
 Vegetation and environmental data were collected from two rivers in the Coastal 
Plain of North Carolina, the Neuse River and the Cape Fear River. Because these two rivers 
have their headwaters in the Piedmont and carry large sediment load, they are termed brown-
water rivers. The Neuse River, located just north of the Cape Fear River, has its headwaters 
in Orange and Person counties and meets the coast at the Pamlico Sound.  The Cape Fear 
River basin is the largest in North Carolina and has a drainage area of over 9000 sq miles 
(Weaver & Pope 2001). From its headwaters north of Greensboro in the Piedmont, it flows 
approximately 200 miles to its mouth in Wilmington. Land uses in these two watersheds are 
diverse and include agriculture, hog and turkey production, forest, and large developed areas 
(Weaver & Pope 2001). 
Many brown-water rivers in the Coastal Plain are entrenched. This is a result of both 
natural historical fluvial processes and of extensive deposition of Piedmont sediment that 
occurred from 1700-1940 when large forested areas were cleared for agricultural purposes as 
European colonists settled in the region. Rivers carried approximately 10,000 years’ worth of 
sediment in a period of around a century, and much of this was deposited in the river channel 
(Townsend 2001). This sediment deposition has been studied most closely on the Roanoke 
River (Townsend 2001). The full consequences of this event on the vegetation of the region 
have yet to be determined and this is still an active area of research.  
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Although many rivers in the Coastal Plain have been strongly influenced by recent 
historical anthropogenic disturbance, the entrenchment of the Cape Fear River is thought 
primarily to be a consequence of natural geologic processes, namely the uplifting of the Cape 
Fear Arch. The Cape Fear Arch is a geologic formation that was caused by an uplift of land 
during the middle Eocene (LeBlond 2001, Walker and Coleman 1987). As land was lifted, 
fluvial processes continued and the river became increasing intrenched. Fluvial geomorphic 
processes, which continually rework the landscape on the floodplain, exert their strongest 
influence at bankfull stage (Hupp 2000). The deep entrenchment of the Cape Fear River 
rarely allows a bankfull stage to be reached and as a result, this river is essentially trapped 
within its banks. The Neuse River did not experience this uplift and, consequently, is a much 
more dynamic river. Evidence of this dynamism can be seen in its wide meanders and 
numerous sloughs and oxbow lakes. 
The inland boundary of the study area was the Fall Line, a sharp geologic separation 
between the Piedmont province, underlain by igneous and metamorphic bedrock, and the 
relatively flat Coastal Plain province, underlain by sedimentary rock (Fenneman 1938). In the 
Neuse River watershed, this area is located in Johnston County and, within the Cape Fear 
River watershed, the Fall Line runs through Raven Rock State Park in Harnett County. These 
rivers run in a southeasterly direction to the coast. The coastal boundary of the study site was 
approximately 30 miles inland of the coastline to avoid tidal influence on vegetation.  
2.2 Site selection 
 
Finding areas of high-quality vegetation on the Coastal Plain floodplains of these two 
rivers proved to be a challenge. High-quality vegetation is characterized as undisturbed by 
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anthropogenic effects. Much of the wide and fertile floodplain has been drained and 
converted for agricultural purposes, or has been subject to other anthropogenic disturbances. 
All sampling areas had anthropogenic disturbance of some sort, virtually all stands had been 
cut at some time. I sampled in areas with minimal anthropogenic disturbance and a tree layer 
of at least 60 years of age. The North Carolina Natural Heritage Program records areas of 
high-quality vegetation and areas of important ecological significance. UTM coordinates and 
descriptions of these areas were used in conjunction with GIS mapping to select potential 
areas for sampling. Other nonprofit organizations such as North Carolina Coastal Land Trust 
were contacted to gain access to potential sampling areas.  
At each potential sampling area, I selected sites on the basis of maturity of the 
vegetation, homogeneity of the stand, and lack of obvious disturbance. 60 sites were sampled 
for this study in 2009 and 11 previously sampled sites were incorporated into the dataset 
(Figure 2). Sampling sites were selected across a range of geomorphic features in an attempt 
to capture the hydrologic gradient and the full range of variation in vegetation composition. 
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Figure 2. Distribution of 70 vegetation plots recorded in two Coastal Plain river basins. 
 
2.3 Field Methods 
Vegetation surveys were conducted for 71 plots using North Carolina Vegetation 
Survey protocol (Peet et al. 1998). The standard unit of each plot was a 10 × 10 m module 
(Figure 3). Ten modules were combined in a 20 × 50 m plot to create a typical 0.1 hectare 
(ha) plot, although the number and configuration of the modules present in each plot varied 
according to the extent of homogeneous vegetation. The plots in this study range from 100m
2
 
in very few cases to a more typical 1000m
2
 plot. Presence of all vascular plant species was 
recorded in four modules, called intensive modules, in a set of nested quadrats at 0.01, 0.1, 
1.0, 10, and 100 m
2
. Each species in an intensive module was assigned a cover value for that 
module (1 = trace, 2 = 0-1%, 3 = 1-2%, 4 = 2-5%, 5 = 5-10%, 6 = 10-25%, 7 = 25-50%, 8 = 
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50-75%, 9 = 75-95%, 10 = >95%). The remaining six modules were treated as residuals and 
any species found in the residuals and not found in the intensive modules was recorded and a 
cover value was given.  
A cover value was also assigned for each species over the entire plot in each stratum 
where the species was present: tree, shrub, and herb layer (in some cases floating or aquatic 
layers were also used). Woody species reaching breast height were tallied by CVS size 
classes (0-1cm, 1-2.5cm, 2.5-5cm, 5-10cm, 10-15cm, 15-20cm, 20-25cm, 25-30cm, 30-
35cm, and 35-40cm) with stems greater than 40cm DBH measured and recorded 
individually. Intensive modules were treated separately and each woody species was 
measured, tallied, and recorded while the six residual modules were treated as a single 
module. 
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Figure 3. Typical layout of an intensive module within a standard 0.1ha plot (figure taken from Peet et al. 
1998). 
 
Environmental data recorded at the site included slope, aspect, evidence and 
description of disturbance, and hydrologic regime, which describes frequency and duration of 
flooding and ranges from permanently flooded to upland. Soil samples from the A horizon 
(top 10 cm) were collected in each intensive module and a core sample (50 cm below the 
surface) from the B horizon was collected at the center of the plot. Soil samples were dried, 
sieved through a 2mm screen, and sent to Brookside Laboratories in New Knoxville, Ohio, 
for analysis. Total cation exchange capacity (meq/100g), pH, percent organic matter, 
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estimated nitrogen release, easily extractable P, exchangeable cations (Ca, Mg, K, Na ppm), 
percent base saturation, extractable micro-nutrients (B, Fe, Mn, Cu, Zn, Al ppm), soluble 
sulfur and bulk density values were determined for each module. Extractions were carried out 
using the Mehlich III method and percent organic matter was determined by loss on ignition 
at 360 degrees C (Mehlich 1984). A mean value for each soil variable was calculated to yield 
a single value for each plot. Only A horizon values were used for analysis after initial 
exploratory analysis revealed a strong positive correlation between soil nutrient and texture 
values in the A and B horizon (Table 1, Table 2).  
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Table 1. Names and definitions of environmental variables used in ordination. 
Variable Description Note 
CEC 
Cation exchange 
capacity 
(meq/100g) 
pH pH pH of the soil 
OM  Organic matter Percent organic content 
SolSulfur Soluble Sulfur   
P_ppm Phosphorus     Exchangeable (ppm) 
Ca_ppm Calcium  Exchangeable (ppm) 
Mg_ppm Magnesium Exchangeable (ppm) 
K_ppm Potassium  Exchangeable (ppm) 
Na_ppm Sodium Exchangeable (ppm) 
Ca_pct Calcium  % of Base Saturation 
Mg_pct Magnesium % of Base Saturation 
K_pct Potassium % of Base Saturation 
Na_pct Sodium % of Base Saturation 
Other_pct Other bases % of Base Saturation 
H_pct Hydrogen % of Base Saturation 
B_ppm Boron  
Extraction (ppm) Melich 
III 
Fe_ppm Iron  
Extraction (ppm) Melich 
III 
Mn_ppm Manganese  Extraction (ppm) 
Cu_ppm Copper Extraction (ppm) 
Zn_ppm Zinc  Extraction (ppm) 
Al_ppm Aluminum  Extractable (ppm) 
BulkDen Bulk Density Density (g/cc) 
BS_pct Base saturation 100 -%H-% other bases 
Clay Clay (%) particles < 2µm 
Silt Silt (%) particles 2-50 µm 
Wetland rank 
Wetland indicator 
status 
Calculated by weighted 
averaging 
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 Table 2. Coefficients of determination for A and B horizon soil variables. 
Soil Variable r
2
 
Silt 0.66 
Sand 0.76 
Clay 0.58 
exCap 0.51 
OM 0.69 
BS_pct 0.31 
N 0.44 
Solsulfur 0.95 
P_ppm 0.62 
Ca_ppm 0.38 
Mg_ppm 0.67 
K_ppm 0.45 
Na_ppm 0.99 
Ca_pct 0.49 
Mg_pct 0.26 
K_pct 0.24 
Na_pct 0.89 
Other_pct 0.33 
H_pct 0.31 
B_ppm 0.50 
Fe_ppm 0.61 
Mn_ppm 0.19 
Cu_ppm 0.38 
Zn_ppm 0.68 
Al_ppm 0.51 
BulkDen 0.62 
 
Species were identified to the finest resolution possible following Weakley (2010). 
Various taxa without flowers or fruit were lumped together into lower resolution groups 
when they could not be identified vegetatively. Taxa identified only to genus were lumped 
and treated as speciesfor analysis if they were determined to be the same species but that 
species was unable to be determined. The final species list included 393 taxonomic units. 
Vegetation plots are archived in VegBank (http://vegbank.org).  
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2.4. Analytical methods 
Rare species were deleted from the data set on a case-by-case basis. Generally, 
species occurring in 2 or fewer plots were eliminated due to rarity. Species occurring at low 
frequency but with a minimum cover class of at least 5 were retained despite of their rarity. A 
full species list of all taxa can be found in Appendix 1, this list includes all taxa identified 
before any taxonomic decisions regarding deletion or lumping for analysis purposes. While 
most specimens were identified to the species and, where appropriate variety level, the poor 
or vegetative condition of many specimens dictated identification at a coarser resolution. 
Some specimens identified to the family or genus level were deleted for analysis. Such 
specimens include vegetative Asteraceae species, Poaceae species, Carex species, and 
ambiguous Quercus seedlings. The low resolution species group “Dicot” was also deleted for 
analysis. Due to the immature or vegetative condition of some specimens, some taxa were 
lumped into lower resolution taxonomic complexes for analyses (e.g., Elymus spp., Rubus 
spp., Viola spp., Carex [flaccosperma + glaucodea + pigra], [Gonolobus + Matelea] spp.).  
When taxonomic complexes predominantly consisted of a single species, that species 
name was used in the naming and/or description of a community if the complex was 
diagnostic. For example, Crataegus marshallii, Crateagus viridis, and Crataegus species 
seedlings were all recorded in the field. Crataegus marshallii was treated separately. Because 
it could not be confirmed that Crataegus species seedlings were just young Crataegus viridis 
seedlings, although it was suspected that this was the case, these two taxa were lumped into 
the Crataegus spp. taxonomic complex. The Crataegus spp. taxonomic complex was 
diagnostic for a community, and because this complex consisted predominantly of confirmed 
Crataegus viridis specimens and suspected Crataegus viridis seedlings, this name was used 
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in the naming and description of that community type. This problem also occurred for the 
Fraxinus [pennsylvanica + profunda] taxonomic complex, resulting in Fraxinus 
pennsylvanica being used in the naming and description of a community type.  
See Appendix 2 for a full list of taxonomic decisions made prior to analysis. These 
decisions resulted in the elimination of 239 taxonomic units, leaving a species list of 207 taxa 
over 70 plots. A single midpoint cover value per taxonomic unit per plot was used in the 
analysis.  
One plot was deleted as a result of outlier analysis performed in PC-Ord version 5.3.2 
(McCune & Mefford 2006).  This 600 m
2
 plot appeared to be a small swamp forest with an 
open canopy of young Taxodium distichum and Acer rubrum. While it initially appeared to 
be a relatively undisturbed, albeit small, floodplain forest, it was discovered that the most 
abundant species in the plot was Murdannia keisak. This species formed a thick mat between 
the herb layer above and water below and covered nearly the entire plot. This dominance 
coupled with the abundance of young Acer rubrum, often an early successional species 
common in disturbed areas, made this an aberrant disturbed plot that was not representative 
of any variety of typical natural floodplain forest.  
The plot by species matrix was relativized by species maximum such that species 
with consistently low abundance would be treated as equally important as species with 
consistently high abundance. The classification was repeated with untransformed midpoint 
cover values and the results were identical. 
A classification of natural communities was created with the vegetation data. This 
was derived using polythetic hierarchical agglomerative clustering techniques, Mantel 
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correlations, and NMS ordination. Hierarchical agglomerative clustering yields relatively 
homogeneous groups that are clustered by species abundance. The classification is 
hierarchical, meaning that each group is nested within a larger group, the largest group 
containing all plots. It is agglomerative, a “bottom-up” approach that begins with each 
sample a member of its own group and proceeds by joining samples into progressively larger 
groups. This approach is also polythetic, meaning that the samples are assigned to groups 
based on multiple variables. In this case, these multiple variables are the species’ midpoint 
abundance cover values. A distance, or dissimilarity, matrix of plots was calculated using 
Bray-Curtis as a dissimilarity measure.  
Plots were then clustered according to their dissimilarity to other plots, the least 
dissimilar plots making up the first cluster and proceeding in this fashion until all samples 
were clustered into groups such that all clusters were maximally similar within their own 
cluster and maximally dissimilar to other clusters. The clustering algorithm used was flexible 
beta with beta set to -0.25 to approximate Ward’s method for creating relatively 
homogeneous groups by minimizing variance. Different clusters were created by 
specification of a range of cluster numbers from 2 to 20 resulting in a dendrogram. All 
clustering was performed in PC-Ord version 5.32 (McCune and Mefford 2006).  
Once clusters were obtained, Mantel correlations were performed to determine if the 
groups were statistically different from one another and to determine the appropriate number 
of clusters, or community types. Mantel correlations test the significance of the correlation 
between two matrices using many permutations (McCune and Grace 2002). The two matrices 
used were a species dissimilarity matrix, based on relativized abundance data and 
dissimilarity calculated using the Bray-Curtis method, and a contrast matrix of group 
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membership to clusters in which each pair of plots was assigned either a value of 1, meaning 
the pair were both members of the same cluster, or a value of 0 if they were members of 
different clusters. The correlation was first determined for the original matrices over a range 
of cluster levels from 2 to 20 groups. One matrix was then permuted by row and column 
10,000 times and the statistical significance of the correlation coefficient, Mantel r, was 
determined according to how often a randomization of one matrix resulted in a stronger 
correlation than the original. Statistical significance was often so high with this analysis that 
these values cease to be meaningful. The cluster level that received the highest Mantel r was 
retained for further analysis. All Mantel tests were performed using the ecodist package 
(Goslee and Urban 2007) in R version 2.9.2 (R Core Development Team 2009).  
With an appropriate number of groups obtained, Dufrene and Legendre (1997) 
indicator species analysis (ISA) was performed in PC-Ord to find the species that best 
characterize each community type (McCune and Mefford 2006). A perfect indicator species 
is always present and abundant in its respective community type and is never present in any 
other. Each species was assigned an indicator value (IndVal) that was calculated using 
relative abundance and relative frequency within a cluster compared to relative abundance 
and frequency within all other clusters. ISA significance was tested using Monte Carlo tests 
with 1000 randomizations with a random seed of 42. Only significant indicator species (p-
val<0.05) are reported.  
In addition to calculating Dufrene and Legendre indicator species values, I also 
calculated a diagnostic value (DV) (Dufrene and Legendre 1997). This statistic was 
calculated according to each species’ fidelity to one group and constancy within that group 
(DV = constancy X fidelity / 100).  
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This statistic relies only on presence/absence data rather than abundance and may show 
species to be diagnostic of a group despite having low abundance.  
To better understand environmental drivers of community types, plots were ordinated 
using non-metric multidimensional scaling techniques (McCune and Grace 2002).  
Ordinations reduce the dimensionality of multivariate data to emphasize underlying structure 
and provide insights into what environmental gradients are driving differences in plant 
community composition. Nonmetric multidimensional scaling (NMS), the method used here, 
is a type of indirect ordination, a method that uses only species abundance data to infer the 
underlying environmental gradients. One advantage of NMS is that the position of the 
species and plots in ordination space is a direct reflection of their ecological dissimilarity 
from one another. NMS also assumes no particular species response to gradients such that no 
numerical fixes need be employed (as in Detrended Correspondence analysis) to better 
display the ordination and potentially degrade the signal (McCune and Grace 2002). Bray-
Curtis dissimilarity was first calculated for the species matrix. NMS works by using an 
iterative algorithm that begins with an initial random assignment of plots in ordination space. 
A Shepard diagram plots ecological distance versus ordination distance and a stress index is 
calculated (McCune and Grace 2002). The stress index is a measure of goodness of fit, 
simply the sum of squared deviations and is expressed as a value between 0, indicating no 
stress, and 100, indicating maximal stress. The algorithm then moves samples and 
recalculates stress iteratively until the stress index cannot be reduced further. Ideally, the 
Shepard diagram should show a monotonic increase such that as ordination distance 
increases, so does ecological distance.  
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All ordination axes are fitted simultaneously. The consequence of this is that the order 
of the axes gives no indication of importance. Mantel correlations were calculated to infer the 
order of importance of the axes. Environmental data were then overlaid in the form of a 
biplot, as vectors that show the strength and direction of correlations between environmental 
variables and the axes. A step-down procedure was used to determine the appropriate number 
of axes, beginning with six dimensions and ending with a single dimension. A random seed 
of 42 was supplied as starting coordinates. Mantel correlations were calculated to infer how 
well each ordination axis captured the variation within the dataset. A varimax rotation of the 
ordinated point cloud rotated the final plot scores to make the ordination more interpretable. 
All ordinations were performed in PC-Ord version 5.32 (McCune and Mefford 2006). The 
ordination results were further analyzed using the ecodist package (Goslee and Urban 2007) 
in R version 9.2.2 (R Core Development Team 2009). Correlations between ordination axes 
and environmental variables were also calculated in R.  
Perhaps the most important environmental factor on the floodplain is the hydroperiod. 
The hydroperiod generates a soil anaerobic gradient during periods of inundation (Wharton et 
al 1982). Flooding intensity and duration drive differences in species composition on the 
floodplain because species have varied tolerance to anaerobic soil conditions when nutrient 
and oxygen uptake is drastically limited. The measured environmental variables do not fully 
capture this important gradient. One approach to illuminate species responses to this gradient 
is to first transform the wetland indicator status of each species in the dataset, obtained using 
the National Wetland Plant List, to a numerical scale (Lichvar & Kartesz 2009).                             
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This numerical scale can then be used to do a simple weighted averaging ordination 
technique to obtain a wetland indicator status for each plot, and in turn, a mean wetland 
indicator status for each community (Wentworth et al. 1988).  
The official wetland indicator status of each species was obtained through the 
National Wetland Plant List (Lichvar & Kartesz 2009). The five wetland indicator statuses 
designate a species’ preference for wetland/nonwetland habitat. Obligate species (OBL) are 
species which are almost always hydrophytes.  Facultative wetland species (FACW) are 
usually hydrophytes but are occasionally found in uplands. Facultative species (FAC) 
commonly occur as either hydrophytes or non-hydrophytes. Facultative upland species 
(FACU) are occasionally hydrophytes but typically occur in uplands. Upland species (UPL) 
are rarely hydrophytes and almost always occur in uplands. A +/- is sometimes added to 
indicate a tendency toward a wetter (minus) or drier (plus) end of the status although this 
procedure has recently been abandoned because it was difficult to apply accurately (Lichvar 
& Minkin 2008). This range of statuses was transformed to a numerical scale of 1 to 5, with 1 
the most flood-tolerant obligate wetland species to 5, species almost always found in 
uplands. This protocol follows Wentworth et al. (1988). The simplest of ordination 
techniques, weighted averaging, was used to find numerical wetland scores for each plot, 
using species wetland status in each plot as ecological indices weighted by relative cover. 
The plot scores were then used to find a mean wetland indicator status for each narrowly 
defined community type and broadly defined vegetation type.  Because the classification was 
hierarchical, each cluster of plots was nested with larger clusters. These small clusters were 
understood to be narrowly defined community types with the large clusters were understood 
to be broadly defined vegetation types.  
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 Using results obtained from the previous analyses, a characterization and description 
was generated for each community. Vegetation names are consistent with the naming system 
used in the U.S. National Vegetation Classification (U.S. FGDC 2008; Jennings et al. 2009).  
A “-“ separates species within the same stratum, while an “/” separates strata.   
 Floristic tables include constancy and average cover value of prevalent species as 
well as homoteneity and average species richness at different scales, for both broadly defined 
vegetation types and narrowly defined communities nested within the larger types. These 
floristic tables include species information in each vertical stratum. Constancy is the 
percentage of plots in each community or type in which a species occurred. Average cover 
code was calculated only for those plots in which a species was present. Only prevalent 
species are reported in the floristic tables. Prevalent species are found by ranking species by 
descending constancy until a number of species is reached that equals the average species 
richness at 400m
2
. Homoteneity is the mean constancy of the prevalent species (Curtis 1959). 
Appendices include a full species list, nomenclature decisions, floristic tables for each 
community with diagnostic and indicator values in addition to constancy and average cover, 
basal area of woody vegetation in each community, averages of soil variables, and 
community assignment for each plot.      
3. Results 
 
Mantel correlations suggested the most cohesive groups occurred at cluster levels of 6 
and 11 groups. We interpret the six groups as broadly defined vegetation types and the eleven 
groups as more narrowly defined communities.  
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At cluster level 6, the Mantel correlation reached a peak value of 0.53 and, at cluster level 11, 
the Mantel correlation reached its highest value of 0.55 (Table 3). These two cluster levels 
were retained for further analysis (Figure 4).  
In the 6 group cluster level, two of the vegetation types consistently formed discrete 
entities, a Sand and Mud Bar vegetation type and an Oak Bottomland vegetation type, and 
were treated as discrete communities in both the 6 and 11 group cluster systems. The other 
four broadly defined vegetation types had more narrowly defined communities nested within 
them. Typically two communities were nested in each of three vegetation type, and in one 
case there were three communities.      
NMS ordination indicated a three-dimensional solution that had a final stress of 
15.918 with an instability of 0.000 calculated over 150 iterations.  Axis 2 is most strongly 
correlated with community dissimilarity (Table 4, Figs. 5, 6).  This axis is positively 
correlated with cation exchange capacity and such nutrients as calcium and manganese, and it 
is negatively correlated with % organic matter and % clay. Axis 1 and 2 together are strongly 
correlated with wetland indicator status, a proxy used for hydrology (Figure 6). Axis 3 is 
most strongly positively correlated with % silt (Table 4).  
Ordination results indicate that vegetation is most strongly correlated with a soil 
texture gradient and a hydrologic gradient in this system. Levee Forests and Oak 
Bottomlands are located at the dryer end of the hydrologic gradient, as indicated by the 
weakest wetland indicator statuses, and swamp forests located in backswamps are found on 
the wet end of the gradient, indicated by the strongest wetland indicator statuses (Table 5). 
Flats are scattered along the wetter end of this gradient. Vegetation types sort out along a soil 
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texture gradient as well. Fine textured soils with high clay content were correlated with 
vegetation types subject to periods of prolonged inundation, during which fine sediment is 
deposited. These swamp forests also have the highest % organic matter in the soil found in 
the study. Levee forests, sand and mud bars, and bottomland hardwood forests are closer to 
the channel and during flooding events, coarse textured particles are deposited on these 
landforms. This is reflected in ordination space, as these types are correlated with high silt 
content (Figure 5). Mantel correlations show that this ordination captured 65.1% of the 
variation within the dataset (Table 4).  
The eleven community types are presented below, nested within their larger 
vegetation type: Cypress-Gum Swamp Forests (I),  Red Maple Flats (II), Water Hickory 
Swamp Forests (III), Sand and Mud Bars (IV), Oak Bottomlands (V), and Levee Forests 
(VI). Floristic details for each vegetation type (Tables 6, 7) and for each community 
(Appendices 3, 5-11) are included. Each plot is listed with its assignment to community type 
(Appendix 12). The distribution of broad-scale vegetation types along the Cape Fear and 
Neuse Rivers is also included (Figure 7).  
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Table 3. Mantel correlation over a range of cluster levels. 
 
 
 
 
 
 
 
 
 
 
 
Cluster 
Level 
Mantel 
R 
2 0.423 
3 0.490 
4 0.489 
5 0.500 
6 0.527 
7 0.517 
8 0.542 
9 0.542 
10 0.542 
11 0.553 
12 0.545 
13 0.549 
14 0.551 
15 0.524 
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Table 4. NMS correlations between environmental variables and axes (significant at α=0.05 displayed). 
 
Variable 
NMS 
1 
NMS 
2 
NMS 
3 
CEC -- 0.47 -- 
pH -- -- -- 
OM -- -0.34 -- 
SolSulfur -- -0.31 -- 
P_ppm -0.67 -0.25 -0.23 
Ca_ppm -- 0.41 0.23 
Mg_ppm -- 0.37 0.30 
K_ppm -0.39 -0.21 -- 
Na_ppm -0.32 -0.59 -- 
Ca_pct -- -- -- 
Mg_pct -- -- 0.31 
K_pct -0.22 -0.47 -- 
Na_pct -- -0.64 -- 
Other_pct -- -- -0.20 
H_pct -- -- -0.21 
B_ppm -- -- 0.26 
Fe_ppm -0.65 -0.58 -0.35 
Mn_ppm 0.35 0.38 -- 
Cu_ppm -- 0.33 -- 
Zn_ppm -- 0.41 -- 
Al_ppm -0.23 -0.44 -- 
BulkDen -- -- -0.20 
BS_pct -- -- 0.20 
Clay -0.29 -0.27 -- 
Silt -- 0.21 0.50 
Wetland 
rank 
0.73 0.75 0.25 
Mantel r 
increment 
0.192 0.289 0.170 
Mantel r 
cumulative 
0.192 0.481 0.651 
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Table 5. Wetland indicator status for six vegetation types and eleven communities. 
Group 
Vegetation 
type 
Wetland 
indicator status 
vegetation type 
Community type 
Wetland 
indicator 
status 
community 
Ia Cypress-Gum 
Swamp 
Forest 
1.49 
Taxodium distichum Swamp Forest  1.53 
Ib 
Taxodium distichum – Nyssa aquatica / 
Fraxinus caroliniana Swamp Forest 
1.46 
IIa 
Red Maple 
Flats 
2.00 
Nyssa biflora – Acer rubrum  /  Itea virginica / 
Osmunda regalis – Peltandra  virginica 
Swamp Forest 
1.84 
IIb 
Quercus (phellos, lyrata) – Acer rubrum  / 
Carpinus caroliniana  / Carex gigantea – 
Carex tribuloides Forest 
2.11 
IIc 
Liquidambar styraciflua – Acer rubrum  / Ilex 
decidua / Carex grayi Forest 
2.04 
IIIa 
Water 
Hickory 
Swamp 
Forest 
2.02 
Taxodium distichum – Carya aquatica / 
Crataegus viridis / Carex typhina Swamp 
Forest  
1.76 
IIIb 
Carya aquatica – Ulmus americana / Ilex 
decidua / Trachelospermum difforme – 
Ampelopsis arborea Swamp Forest 
2.28 
IV 
Sand and 
Mud Bars 
1.98 
Salix nigra – Betula nigra / Hibiscus laevis / 
Bar  
1.98 
V 
Oak 
Bottomlands 
3.03 
Quercus pagoda – Quercus michauxii / Ilex 
opaca / Carex abscondita Forest 
3.03 
VIa 
Levee Forest 2.71 
Celtis laevigata – Platanus occidentalis / 
Aesculus sylvatica / Galium aparine – 
Laportea canadensis Forest  
2.90 
VIb 
Celtis laevigata – Fraxinus pennsylvanica / 
Acer negundo / Chasmanthium latifolium – 
Carex grayi Forest  
2.53 
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Figure 4. Dendrogram of cluster analysis results. The 6 vegetation types have unique symbols and 11 
communities have unique colors (see legend below). Dashed lines represent cluster levels of 6 and 11 
groups. 
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Figure 5. Joint biplot to display how 11 communities relate to environmental variables (Axes 2 and 3). 
The six vegetation types have unique symbols and 11 communities are color-coded. Only canopy species 
are shown in legend. 
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Figure 6. Joint biplot to display how 11 communities relate to environmental variables (Axes 1 and 2). 
The six vegetation types have unique symbols and 11 communities are color-coded. Only canopy species 
are shown in legend. 
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Figure 7. Distribution of forested floodplain plots by broad-scale vegetation types. 
 
Table 6. Trees, vines, shrubs and herbs with high constancy and high average cover where present in the 
three broad vegetation types I, II, III (see text definition for each metric). Groups are identified with 
roman numerals used in the text. Only prevalent species with constancy >25% and average cover >3 for 
trees, shrubs and herbs and >2 for vines are shown. Species only appear in one stratum (where the adult 
life form is found).  See text for description of prevalence and calculation of constancy and cover. Non-
native species are identified with an *. 
Groups I II III 
Plot Count 8 16 14 
Avg Spp Richness (1m
2
) 2.5 5.8 4.6 
Avg Spp Richness (10m
2
) 6.5 12.6 10.7 
Avg Spp Richness (100m
2
) 17.3 27.3 23.0 
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Avg Spp Richness (400m
2
) 28.0 39.0 38.3 
Group homoteneity 55% 55% 66% 
Tree taxon name const. cover const. cover const. cover 
Acer floridanum -- -- -- -- 7% 1 
Acer negundo var. negundo -- -- 25% 4 36% 5 
Acer rubrum 75% 6 100% 7 43% 5 
Aesculus sylvatica -- -- -- -- -- -- 
Betula nigra 63% 2 6% 5 64% 5 
Carpinus caroliniana 38% 2 63% 5 43% 5 
Carya aquatica 13% 2 31% 5 93% 7 
Carya cordiformis -- -- 25% 2 7% 1 
Carya ovate -- -- 6% 1 -- -- 
Celtis laevigata 25% 1 69% 2 64% 3 
Crataegus viridis 25% 4 50% 3 79% 5 
Fagus grandifolia -- -- -- -- -- -- 
Fraxinus caroliniana 75% 6 19% 5 29% 7 
Fraxinus pennsylvanica 25% 4 69% 6 93% 5 
Ilex opaca 13% 1 25% 2 7% 3 
Liquidambar styraciflua 25% 2 100% 6 64% 3 
Morus rubra -- -- -- -- 7% 2 
Nyssa aquatica 75% 8 13% 7 14% 6 
Nyssa biflora 38% 2 38% 6 7% 4 
Pinus taeda -- -- 13% 2 -- -- 
Platanus occidentalis 13% 2 25% 6 57% 6 
Quercus laurifolia 13% 2 44% 5 14% 6 
Quercus lyrata 38% 2 50% 6 64% 6 
Quercus michauxii -- -- 13% 2 -- -- 
Quercus pagoda -- -- 19% 5 7% 1 
Quercus phellos -- -- 31% 5 -- -- 
Salix nigra -- -- 13% 4 -- -- 
Taxodium distichum 100% 7 69% 7 100% 7 
Ulmus alata 13% 1 69% 2 21% 2 
Ulmus americana 38% 4 69% 5 79% 5 
Ulmus rubra -- -- 6% 6 7% 2 
Vine taxon name const. cover const. cover const. Cover 
Bignonia capreolata -- -- 31% 2 29% 2 
Calystegia sepium -- -- -- -- -- -- 
Campsis radicans 38% 1 100% 3 100% 4 
Lonicera japonica * -- -- 19% 2 7% 1 
Parthenocissus quinquefolia 13% 1 81% 2 14% 2 
Rubus group 1
1
 25% 2 56% 3 7% 2 
Smilax bona-nox 13% 1 69% 2 43% 3 
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Smilax hispida 38% 2 19% 3 79% 2 
Smilax rotundifolia 13% 2 100% 3 93% 5 
Smilax walteri 38% 3 31% 3 7% 1 
Toxicodendron radicans 63% 2 94% 3 93% 5 
Trachelospermum difforme 13% 1 25% 2 64% 4 
Vitis cinerea -- -- 13% 2 43% 4 
Vitis rotundifolia 13% 1 75% 2 43% 2 
Shrub taxon name const. cover const. cover const. cover 
Asimina triloba -- -- 6% 1 7% 1 
Hibiscus laevis 38% 3 6% 1 57% 2 
Ilex decidua 50% 2 75% 5 100% 4 
Ligustrum sinense * 13% 1 25% 2 7% 3 
Lindera benzoin -- -- -- -- -- -- 
Herb taxon name const. cover const. cover const. cover 
Alternanthera philoxeroides * 38% 3 -- -- 57% 2 
Arundinaria tecta -- -- 25% 3 -- -- 
Carex [radiata + rosea] -- -- 25% 6 7% 1 
Carex abscondita -- -- 25% 2 7% 2 
Carex amphibola -- -- 19% 2 14% 4 
Carex crebriflora -- -- 13% 4 7% 1 
Carex grayi -- -- 44% 4 7% 6 
Carex louisianica 50% 3 50% 3 79% 4 
Carex tribuloides 25% 2 44% 2 36% 2 
Carex typhina 38% 2 44% 2 86% 4 
Chasmanthium latifolium -- -- -- -- 21% 2 
Commelina communis 13% 2 6% 1 14% 1 
Digitaria sanguinalis -- -- -- -- -- -- 
Echinochloa crusgalli -- -- -- -- -- -- 
Elymus virginicus 13% 3 6% 1 21% 2 
Laportea canadensis -- -- -- -- -- -- 
Leersia virginica 25% 2 -- -- 43% 4 
Microstegium vimineum * -- -- 50% 2 14% 2 
Murdannia keisak * 50% 2 25% 3 50% 2 
Pluchea camphorata 13% 1 -- -- 14% 2 
Poa cuspidate -- -- 19% 2 7% 1 
Polystichum acrostichoides -- -- -- -- -- -- 
Saururus cernuus 88% 6 63% 6 86% 5 
Symphyotrichum group 1
2
 63% 2 44% 2 71% 4 
1
All Rubus species lumped to genus 
      2 [lanceolatum + lateriflorum + racemosum] 
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Table 7. Trees, vines, shrubs and herbs with high constancy and high average cover where present in the 
three broad vegetation types IV, V, VI (see text definition for each metric). Groups are identified with 
roman numerals used in the text. Only prevalent spe cies with constancy >25% and average cover >3 for 
trees, shrubs and herbs and >2 for vines are shown. Species only appear in one stratum (where the adult 
life form is found).  See text for description of prevalence and calculation of constancy and cover. Non-
native species are identified with an *. 
Groups IV V VI 
Plot Count 6 14 12 
Avg Spp Richness (1m
2
) 9.6 7.0 8.0 
Avg Spp Richness (10m
2
) 17.8 17.8 15.7 
Avg Spp Richness (100m
2
) 33.9 35.4 30.1 
Avg Spp Richness (400m
2
) 52.2 53.9 45.4 
Group homoteneity 66% 66% 65% 
Tree taxon name const. cover const. Cover const. cover 
Acer floridanum -- -- 57% 6 58% 4 
Acer negundo var. negundo 83% 5 79% 3 100% 7 
Acer rubrum 17% 1 86% 5 17% 2 
Aesculus sylvatica -- -- 36% 6 50% 6 
Betula nigra 83% 7 14% 2 17% 4 
Carpinus caroliniana 33% 1 93% 6 33% 6 
Carya aquatica 83% 5 7% 6 8% 3 
Carya cordiformis -- -- 100% 6 92% 5 
Carya ovate -- -- 36% 6 -- -- 
Celtis laevigata 83% 2 93% 5 100% 6 
Crataegus viridis 33% 2 29% 4 25% 2 
Fagus grandifolia -- -- 43% 6 25% 3 
Fraxinus caroliniana 17% 4 -- -- -- -- 
Fraxinus pennsylvanica 100% 6 93% 4 83% 6 
Ilex opaca -- -- 93% 5 33% 2 
Liquidambar styraciflua 17% 2 100% 6 58% 6 
Morus rubra 17% 5 50% 4 17% 6 
Nyssa aquatica -- -- 7% 1 -- -- 
Nyssa biflora -- -- -- -- -- -- 
Pinus taeda -- -- 36% 5 -- -- 
Platanus occidentalis 83% 4 29% 5 67% 6 
Quercus laurifolia -- -- 7% 4 8% 2 
Quercus lyrata 17% 1 -- -- 8% 2 
Quercus michauxii -- -- 64% 5 8% 1 
Quercus pagoda 17% 1 86% 6 8% 5 
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Quercus phellos -- -- 36% 6 -- -- 
Salix nigra 83% 6 -- -- -- -- 
Taxodium distichum 100% 2 14% 1 17% 5 
Ulmus alata 83% 2 100% 6 58% 4 
Ulmus americana 33% 3 64% 5 67% 6 
Ulmus rubra 17% 2 43% 6 25% 7 
Vine taxon name const. cover const. cover const. cover 
Bignonia capreolata 17% 1 100% 2 83% 3 
Calystegia sepium 33% 4 -- -- -- -- 
Campsis radicans 50% 2 71% 2 67% 3 
Lonicera japonica * 17% 1 93% 2 83% 4 
Parthenocissus quinquefolia 17% 1 100% 3 100% 2 
Rubus group 1
1
 17% 1 71% 2 33% 2 
Smilax bona-nox 17% 2 93% 2 92% 2 
Smilax hispida 33% 4 57% 2 83% 3 
Smilax rotundifolia 17% 2 93% 3 58% 2 
Smilax walteri -- -- 7% 1 8% 2 
Toxicodendron radicans 33% 4 100% 4 100% 4 
Trachelospermum difforme -- -- 50% 2 17% 2 
Vitis cinerea 50% 4 21% 2 8% 1 
Vitis rotundifolia 33% 1 93% 5 33% 2 
Shrub taxon name const. cover const. cover const. cover 
Asimina triloba -- -- 86% 3 50% 5 
Hibiscus laevis 100% 4 -- -- -- -- 
Ilex decidua 50% 3 79% 5 75% 4 
Ligustrum sinense * 17% 1 93% 2 100% 5 
Lindera benzoin -- -- 50% 2 67% 4 
Herb taxon name const. cover const. cover const. cover 
Alternanthera philoxeroides * 100% 7 -- -- -- -- 
Arundinaria tecta -- -- 57% 4 33% 5 
Carex [radiata + rosea] -- -- 57% 2 33% 4 
Carex abscondita -- -- 79% 6 58% 2 
Carex amphibola 33% 1 29% 2 33% 5 
Carex crebriflora 17% 1 57% 2 50% 5 
Carex grayi 17% 1 29% 2 92% 6 
Carex louisianica 67% 6 36% 3 17% 2 
Carex tribuloides 67% 5 21% 2 8% 2 
Carex typhina 100% 4 21% 2 17% 1 
Chasmanthium latifolium 33% 4 14% 2 58% 4 
Commelina communis 50% 5 -- -- -- -- 
Digitaria sanguinalis 33% 6 -- -- -- -- 
Echinochloa crusgalli 50% 5 -- -- -- -- 
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Elymus virginicus 50% 2 36% 3 92% 4 
Laportea canadensis -- -- -- -- 75% 4 
Leersia virginica 67% 6 43% 2 42% 2 
Microstegium vimineum * 100% 4 71% 2 75% 6 
Murdannia keisak * 100% 4 7% 1 8% 1 
Pluchea camphorate 33% 4 -- -- -- -- 
Poa cuspidate 17% 1 43% 4 33% 2 
Polystichum acrostichoides -- -- 36% 5 8% 1 
Saururus cernuus 100% 5 14% 1 33% 3 
Symphyotrichum group 1
2
 83% 3 43% 2 50% 2 
1
All Rubus species lumped to genus 
      2 [lanceolatum + lateriflorum + racemosum] 
      
I.  Cypress- Gum Swamp Forests 
The two communities within this vegetation type are found predominantly on the 
floodplain of the Neuse River, but also occur in the lower reaches of the Cape Fear River 
(Figure 8). This swamp forest type is subject to prolonged periods of inundation as indicated 
by its strong wetland indicator status of 1.49 (Table 5). An average richness per 400m
2
 of 28 
species is the lowest found in the study and is due to long periods of inundation. This swamp 
forest type has the largest mean % organic matter, highest base saturation, and the highest pH 
of all the broadly defined vegetation types.  This swamp forest type also has high mineral 
content, specifically phosphorus and potassium (Appendix 4).  
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Figure 8. Distribution of two Cypress-Gum Swamp Forest community types. 
 
Ia.  Taxodium distichum Swamp Forest (4 plots): 
This community type occurs predominantly in the middle reaches of the Neuse River 
in swampy lowland, although there is one observed occurrence on the Cape Fear River. The 
type occurs in depressions on the floodplain on soils with high clay and silt content 
(Appendix 4). The soil in this type has lower pH than Ib, Taxodium distichum – Nyssa 
aquatica / Fraxinus caroliniana Swamp Forest, contains a fairly large amount of organic 
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matter, and has a strong mean wetland indicator status of 1.53 (Table 5).  The type has the 
lowest species richness in the study, 24 species per 400m
2
. 
The canopy is dominated by the nominal species, Taxodium distichum. While this 
species is present and often abundant across the study region, it is in this type that it is most 
abundant, and consequently it is an indicator species for the type (Appendix 5a, 6). The only 
other tree species present, and reaching high cover occasionally, is Nyssa aquatica. Other 
species present in the canopy, but never abundant, include Fraxinus pennsylvanica, Acer 
rubrum, and the epiphytic Tillandsia usneoides. The shrub layer is sparse, with a few trees 
and shrubs present and at low cover in this stratum, including Platanus occidentalis, Acer 
rubrum, and Nyssa biflora. The herb layer includes such species as Pilea pumila, Triadenum 
walteri, and Bidens frondosa, often growing on logs and other debris. Saururus cernuus and 
Boehmeria cylindrica are found commonly in the herb layer as well. The invasive Murdannia 
keisak and Althernanthera philoxeroides are present at low frequency and abundance.  
This type is similar to the Cypress-Gum Swamp (Brownwater subtype) and also 
shares similiarities florisitically to the Coastal Plain Semi-permanent Impoundment 
(Cypress-Gum subtype) in Schafale 2011, though impoundments were not sampled. The sole 
dominance of the nominal species, Taxodium distichum, coupled with floristics and soil data 
that suggest long periods of inundation, indicate that in the NVC, this type is contained 
within Taxodium distichum / Lemna minor Forest (CEGL2420) (Table 8). The NVC lists this 
as the only community that exists outside of Florida with Taxodium distichum as the sole 
dominant in the canopy.  
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Ib. Taxodium distichum – Nyssa aquatica / Fraxinus caroliniana Swamp Forest (4 plots): 
This community type occurs in both river basins on the lower reaches of the rivers. It 
has slightly higher mean species richness than Ia, Taxodium distichum Swamp Forest, with 
31 species per 400m
2
. This community is characterized by soils with higher sand content 
than those of the previous type and also fairly high amounts of phosphorus, calcium, and iron 
(Appendix 4). Phosphorus is perhaps unavailable and an indication of high organic matter; 
this type has the highest % organic matter of all community types found in the study 
(Appendix 4). High iron content may indicate a reduced state, common in areas subject to 
prolonged anoxic periods during inundation, and this is supported by a wetland indicator 
status of 1.46, the strongest of all types found in the study (Table 5). The periods of 
inundation create anoxic conditions in the soil such that microorganisms which decompose 
organic matter are limited, resulting in a buildup of organic matter over time.  
The canopy is dominated by the nominal species (Taxodium and Nyssa) and other 
flood-tolerant species such as Acer rubrum and Nyssa biflora. This swamp forest type can be 
differentiated from the previous type by the abundance of Nyssa aquatica in the canopy and 
Fraxinus caroliniana in the shrub layer (Appendix 5a, 6). While Fraxinus caroliniana is the 
only significant indicator species in the shrub layer for this community, several other species 
are present in this stratum. These species include Acer rubrum, Carpinus caroliniana, Ilex 
decidua, Quercus lyrata, and Crataegus viridis. Smilax walteri can also be found in the shrub 
and herb layer. The herb layer is dominated by Saururus cernuus but also contains many 
other flood-tolerant species at lower abundance.  
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These species include Echinodorus cordifolius, Commelina virginica, Lycopus virginicus, 
and such sedges as Carex gigantea, C. louisianica, C. lupulina, and C. tribuloides. The 
invasive species Murdannia keisak is often present as well.  
This community shares similarities with both the Brownwater subtype and 
Intermediate subtype nested within the Cypress-Sum Swamp, as defined by Schafale (2011). 
This community overlaps with several NVC associations (Table 8). This type overlaps with 
two NVC concepts: Taxodium distichum - Nyssa aquatica / Fraxinus caroliniana Forest 
(CEGL7431)  and Taxodium distichum - Nyssa aquatica - Acer rubrum / Itea virginica Forest 
(CEGL7422). Type IIb also shares some floristic similarities with Taxodium distichum - 
Nyssa aquatica - Nyssa biflora / Fraxinus caroliniana / Itea virginica Forest (CEGL7432). 
The canopy dominant nominal species are the same, although Nyssa biflora is often an 
important constituent canopy species in CEGL 7432 and it is only an occasional species with 
low abundance in type IIb. CEGL 7432 is characterized as occurring primarily on small 
blackwater streams; plots that make up type IIb were located near the channel in the lower 
reaches of the two brownwater rivers. See Discussion for additional details. 
II. Red Maple Flats  
The three communities within this vegetation type are found on the floodplains of 
both the Neuse and the Cape Fear rivers (Figure 9).  A mean wetland indicator status of 2.00 
indicates that many component species in this type are wetland species tolerant of a moderate 
amount of inundation (Table 5). In general, this vegetation type is characterized by low pH 
soils with high clay (highest found in the study) and silt contents as well as fairly high % 
organic matter (Appendix 4).   
40 
 
In general, this vegetation type is characterized by an abundance Fraxinus pennsylvanica, 
Acer rubrum, Liquidambar styraciflua and Taxodium distichum, as well as a mix of flood-
tolerant Quercus species (Q. lyrata, Q. phellos, Q. laurifolia).  
The three communities recognized within this type are distinct entities linked together 
by the dominance of early to mid-successional species. Acer rubrum, together with 
Liquidambar styraciflua and Fraxinus pennsylvanica, often serve as early successional 
species and suggest that this broadly defined type may not be a cohesive ecological unit 
reflective of a specific geomorphology or hydrology, but rather a group of distinct entities. 
Type IIa differs substantially from both IIb and IIc in its environmental characteristics and     
component species. This type has nutrient-poor, sandy soils and species more typically found 
in blackwater river plant communities than brownwater communities (Schafale 2011). 
Consequently, type IIa overlaps with both blackwater and brownwater NVC concepts. Types 
IIb and IIc share strong environmental and floristic similiarity to one another and to a single 
NVC concept.   
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Figure 9. Distribution of three Red Maple Flats community types. 
 
 
IIa. Taxodium distichum – Nyssa biflora – Acer rubrum / Itea virginica / Osmunda regalis 
– Peltandra  virginica Swamp Forest (5 plots): 
This swamp forest type is found on the floodplains of both rivers and has the 
strongest wetland indicator status (1.84) of the three communities in this group (Table 5). 
With an average richness per 400m
2 
of 54.3 species, this community is the richest of the three 
in the broader vegetation type. The type has the lowest cation exchange capacity (CEC) 
found in the study and is characterized by sandy soils with high % organic matter    
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(Appendix 4). The nutrient-poor, sandy soils and characteristic species suggest that this type 
may have more affinity with blackwater river communities than brownwater (Schafale 2011).  
The canopy is dominated by Taxodium distichum in addition to the nominal species, 
Nyssa biflora and Acer rubrum. Other trees present include Ulmus americana, Quercus 
laurifolia, and Liquidambar styraciflua. Nyssa biflora is a significant indicator species for 
this type and also has a high diagnostic value (Appendix 7). While Acer rubrum is also 
statistically an indicator species, it is so widespread across the larger vegetation type and the 
study that this is not a strong indicator for this or any other community in the study. Lianas 
such as Toxicodendron radicans, Parthenocissus quinquefolia, and Campsis radicans are 
also abundant in the canopy. In the shrub stratum, Acer rubrum is prevalent, in addition to 
Fraxinus caroliniana and Carpinus caroliniana. The nominal species in the shrub stratum, 
Itea virginica, is a significant indicator species for this type (Appendix 7).  
The herb layer is quite rich and contains a number of significant indicator species. 
Woodwardia areolata and the nominal species, Osmunda regalis and Peltandra virginica, 
are the strongest indicator species followed by Triadenum walteri and a number of sedges 
(Carex [radiata + rosea], C. intumescens, C. bromoides, C. crinita). Saururus cernuus is 
also a significant indicator species for this type, although this species occurs in most 
vegetation types in the study. In addition to the indicator species, many other sedges and 
wetland forbs inhabit the herb layer. Such sedges include Carex comosa, C. grayi, C. 
lupulina, C. stipata, and C. typhina. Vines such as Smilax bona-nox, S. rotundifolia, S. 
walteri, and Vitis rotundifolia are frequent but at fairly low abundance. Several exotic 
invasive species such as Microstegium vimineum, Murdannia keisak, and Lonicera japonica 
are often found in this community.  
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This community is more narrowly defined than the Cypress-Gum Swamp 
(Intermediate subtype) in Schafale (2011) and shares similarities with the Brownwater 
Bottomland Hardwoods (Swamp transition subtype). The type overlaps with the NVC 
association that is classified as a blackwater community, Taxodium distichum - Nyssa 
aquatica - Nyssa biflora / Fraxinus caroliniana / Itea virginica Forest (CEGL7432). The type 
also overlaps with an NVC brownwater river association, Taxodium distichum - Fraxinus 
pennsylvanica - Quercus laurifolia / Acer rubrum / Saururus cernuus Forest (CEGL7719) 
(Table 8). See Discussion for additional details.    
IIb. Quercus (phellos, lyrata) – Acer rubrum  / Carpinus caroliniana  / Carex gigantea – 
Carex tribuloides Forest (5 plots): 
This forest type is found on the floodplain of both the Neuse and the Cape Fear rivers. 
Its mean wetland indicator status of 2.11 is the weakest in the Red Maple Flats vegetation 
type (Table 5). This type occurs in high backswamps where the ground is slightly higher than 
in nearby cypress-gum swamp forests, such that periods of inundation are likely shorter in 
duration. The soils have high clay and silt content and unlike IIa, this type has high cation 
exchange capacity (Appendix 4); this indicates more nutrient-rich soils than the previous type 
and stronger affinity for brownwater river communities. This community has an average 
richness of 45 species per 400m
2
, slightly lower than IIa.  
Although the nominal species, Quercus phellos, Quercus lyrata, and Acer rubrum, 
are abundant in the canopy, many other species share this space. In addition to Quercus 
phellos, an indicator species for this type, and Q. lyrata, Q. pagoda can also present. Other 
trees present include Fraxinus pennsylvanica, Liquidambar styraciflua, Ulmus americana, 
Carya aquatica and Taxodium distichum (Appendix 7). Nyssa biflora is sometimes present 
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but at a lower frequency than type IIa. Lianas present in the canopy include Toxicodendron 
radicans, Parthenocissus quinquefolia, and Vitis rotundifolia. Crataegus viridis and 
Carpinus caroliniana are often present and included in the canopy stratum, though if a 
subcanopy stratum was included in the field protocol, they would likely be placed there, as 
these species do not reach heights equivalent to that of the oaks and other canopy species.  
The shrub layer is dominated by the nominal species, Carpinus caroliniana, and Acer 
rubrum, although Ilex decidua and Liquidambar styraciflua are present as well. In the herb 
stratum, the nominal species, Carex gigantea, is a strong indicator for this community. Other 
sedges found here include C. louisianica and C. bromoides at high constancy. Grasses in the 
herb layer include Poa cuspidata, usually found growing at the base of large trees, and 
Dichanthelium commutatum, present at high constancy and an indicator species for the type 
(Appendix 7). The exotic species, Microstegium vimineum, can be quite abundant in this type 
and Lonicera japonica is sometimes present as well.  
This type can best be distinguished floristically from IIa, Nyssa biflora – Acer rubrum  
/  Itea virginica / Osmunda regalis – Peltandra  virginica Swamp Forest, by the presence of 
oaks and Carya aquatica in the canopy, the lack of Fraxinus caroliniana in the shrub layer, 
and by the lack of ferns in the herb layer. Type IIa is a nutrient-poor community more similar 
to blackwater communities and the constituent species as a whole are more flood-tolerant 
than those of IIb, Quercus (phellos, lyrata) – Acer rubrum / Carpinus caroliniana  / Carex 
gigantea – Carex tribuloides Forest. 
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This community is contained with the Shafale (2011)  concept of the Brownwater 
Bottomland Hardwoods (Swamp transition subtype) and is contained within the NVC 
concept Quercus lyrata - Quercus laurifolia - Taxodium distichum / Saururus cernuus Forest 
(CEGL4735) (Table 8).  
IIc. Liquidambar styraciflua – Acer rubrum  / Ilex decidua / Carex grayi Forest (6 plots): 
This type is found on both the Cape Fear River and Neuse River. A mean wetland 
indicator status of 2.04 indicates that this is perhaps slightly wetter than IIb, Quercus 
(phellos, lyrata) – Acer rubrum / Carpinus caroliniana / Carex gigantea – Carex tribuloides 
Forest, but not significantly so (Table 5). A low average species richness of 26.3 species per 
400m
2
 and the presence of more flood-tolerant species support the idea that this may be a 
wetter type than IIb (Appendix 7). While the soils in this community are very similar to IIb, 
Quercus (phellos, lyrata) – Acer rubrum  / Carpinus caroliniana  / Carex gigantea – Carex 
tribuloides Forest, in both texture and nutrient content, this type does have higher silt and 
clay content, slightly lower % organic matter, and slightly lower cation exchange capacity 
(Appendix 4). The similarity in environmental conditions coupled with floristic differences 
suggests that this community may be an early successional forest type that has the potential 
to transition to type IIb (Hodges 1997). The canopy species with the highest constancy and 
abundance are early to mid-successional species, Acer rubrum, Fraxinus pennsylvanica, and 
Liquidambar styraciflua (Appendix 7). Oaks represent late succession and all but one of the 
oaks present in IIb are absent from this type. The only oak with sizeable abundance is 
Quercus lyrata. As flooding events cause vertical accretion of sediment and subtly raise 
elevation, hydrology is altered, causing conditions to become drier. The drier conditions 
promote the growth of later successional species such as the oaks found in IIb. 
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The canopy is dominated by the nominal species, Liquidambar styraciflua and Acer 
rubrum, as well as Fraxinus pennsylvanica and Quercus lyrata. Other characteristic species 
in the canopy include Taxodium distichum and Ulmus americana. Such species as Carya 
aquatica and Celtis laevigata can also be present, but do not occur as frequently (Appendix 
7).  Lianas common in types IIa and IIb are also found in this type: Parthenocissus 
quinquefolia, Toxicodendron radicans, Campsis radicans, and Vitis rotundifolia. Acer 
rubrum and Ilex decidua are abundant in the shrub layer along with young tree species 
present in the canopy. The herb layer is sparse with only the nominal species, Carex grayi, 
reaching high abundance. Abundant seedlings of the canopy species can also be found in the 
herb layer (Appendix 7).  
There are no indicator species for this community and this supports the idea that this 
may be an early successional forest type. Community assembly is a stochastic process 
initially with species present that arrive by chance. Many of these species grow quickly but 
are short-lived and will not persist because they are not adapted to a particular microhabitat 
as it changes with the arrival of other species. As succession proceeds, communities 
gradually develop to have more characteristic species adapted to environmental conditions 
and fewer species present by chance.  
This type is contained within the Schafale (2011) concept of the Swamp transition 
subtype of Brownwater Bottomland hardwoods. It is also contained within the NVC concept 
Quercus lyrata - Quercus laurifolia - Taxodium distichum / Saururus cernuus Forest 
(CEGL4735) (Table 7). See Discussion for additional details. 
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III. Water hickory swamp forest 
This swamp forest occurs primarily on the floodplain of the Neuse River with a single 
recorded occurrence on the Cape Fear River.  This vegetation type is characterized by a 
dominance of Carya aquatica in the canopy, along with other flood-tolerant species (Figure 
10). This vegetation type is not easily interpreted because of its intergrading nature with 
other types. It is intermediate in hydrology and in soil nutrient content and texture (Appendix 
4). A wetland indicator status of 2.02 indicates that this type falls somewhere in the middle to 
lower range of the hydrologic gradient (Table 5). The two communities in this type are quite 
similar floristically as well, although subtle differences do exist that suggest a slight 
difference in hydrology that causes type IIIa to be slightly wetter than IIIb.  
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Figure 10. Distribution of two Water Hickory Swamp Forest community types. 
 
IIIa. Taxodium distichum – Carya aquatica / Crataegus viridis / Carex typhina Swamp 
Forest (8 plots): 
This type occurs on the floodplains of both the Neuse and Cape Fear rivers and has a 
strong wetland indicator status of 1.76 (Table 5). This low value suggests that this is the 
wetter variant of the two communities nested within the larger vegetation type. The soils in 
this type have low % organic matter, low pH, and cation exchange capacity is lower than 
IIIb, Carya aquatica – Ulmus americana / Ilex decidua / Trachelospermum difforme – 
Ampelopsis arborea Swamp Forest, suggesting lower nutrient availability. This community 
has an average species richness of 37.6 species per 400m
2 
(Appendix 8).  
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The canopy in this community type is dominated by Taxodium distichum and Carya 
aquatica. The epiphytic Tillandsia usneoides can be present in this stratum as well. Other 
species present in the canopy include Platanus occidentalis, Fraxinus pennsylvanica, and 
Betula nigra. These species are more typically found on levees than in backswamps and may 
be an indication that this type may be a low subtype of Brownwater Levee Forest (Schafale 
2011). The only indicator species for the community type occurs in the shrub stratum, 
Crataegus viridis. This species is a weak indicator and also occurs in IIIb, Carya aquatica – 
Ulmus americana / Ilex decidua / Trachelospermum difforme – Ampelopsis arborea Swamp 
Forest, but at lower constancy (Appendix 8). Other species in the shrub layer include 
Fraxinus caroliniana, Quercus lyrata, and Ilex decidua. The herb layer includes a suite of 
species at low to moderate abundances. Carex louisianica and Carex typhina are usually 
present at moderate abundance. Smilax spp. and several other vine species are present at 
moderate abundance as well. Two invasive species, Alternanthera philoxeroides and 
Murdannia keisak, are often present in this type, but at low abundance. This type is most 
similar to the low levee subtype of Brownwater Levee Forest in Schafale (2011).  
The community is contained within the NVC concept Fraxinus pennsylvanica - 
Quercus laurifolia - Quercus lyrata - Carya aquatica Forest (CEGL 4695) (Table 8). See 
Discussion for additional details.  
IIIb. Carya aquatica – Ulmus americana / Ilex decidua / Trachelospermum difforme – 
Ampelopsis arborea Swamp Forest (6 plots):  
This type was sampled only on the Neuse River and has a wetland indicator status of 
2.28 (Table 5). This weaker wetland indicator status coupled with floristic differences 
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suggests that may be a drier variant of IIIa. Although the soils are very similar to IIIa, 
Taxodium distichum – Carya aquatica / Crataegus viridis / Carex typhina Swamp Forest, 
this type has slightly higher clay content, % organic matter, and lower pH. This type also has 
slightly higher cation exchange capacity, phosphorus, and potassium (Appendix 4). This 
community has higher average species at 400m
2
 with 39.3 species.   
The canopy is similar to that of IIIa, Taxodium distichum – Carya aquatica / 
Crataegus viridis / Carex typhina Swamp Forest, although Carya aquatica is more abundant 
and Taxodium distichum much less so. Betula nigra and Fraxinus pennsylvanica are also 
usually present at moderate abundance. What distinguishes this type from IIIa is the 
abundance of two oaks, Quercus lyrata and Q. laurifiolia. These two species are important 
components of the canopy in this community type. In IIIa, Quercus lyrata is present but at 
low constancy, and Quercus laurifolia is absent. The high constancy and abundance of 
Ulmus americana in IIIb also distinguishes it from IIIa, in which this species is seldom 
present. Nyssa aquatica and Liquidambar styraciflua are present in this community type and 
absent from IIIa.  
The shrub layer contains such species as Acer rubrum, Carpinus caroliniana, 
Crataegus viridis, and Ilex decidua. Vines are more abundant in this stratum than in IIIa and 
include the species Smilax rotundifolia, S. bona-nox, Campsis radicans, and Toxicodendron 
radicans. These vines can also be quite abundant in the herb layer. The two indicator species 
in the herb layer are also vines, Ampelopsis arborea and Trachelospermum difforme. Herbs 
that reach sizeable abundance in this type include Carex louisianica and Saururus cernuus. 
The two invasive species that occur in IIIa, Alternanthera philoxeroides and Murdannia 
keisak, also occur in this type but at lower abundance (Appendix 8).  
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This type is most similar floristically to the low subtype of Brownwater Levee Forest 
in Schafale (2011). The type is contained within the NVC concept Fraxinus pennsylvanica - 
Quercus laurifolia - Quercus lyrata - Carya aquatica Forest (CEGL4695) (Table 8). 
IV. Sand and Mud Bars 
Salix nigra – Betula nigra / Hibiscus laevis  / Alternanthera philoxeroides Bar (6 plots): 
This community is found along the Neuse River where sandy sediment is deposited 
on the shoreline of the river (Figure 11). This community probably occurs on the Cape Fear 
River as it is a common feature found on Coastal Plain rivers (Schafale 2011), though it was 
not sampled in this study. This type may be less common on the Cape Fear River due to its 
entrenchment and resultant lack of lateral movement. This restriction on lateral movement of 
the river may prevent sand and mud bars from forming as easily as on the Neuse River. The 
soils in this community have very high sand content (highest found in the study) and very 
low % organic matter (Appendix 4). A mean wetland indicator status of 1.98 suggests that 
this community is tolerant to a moderate amount of flooding (Table 5). The location of sand 
and mud bars make this type subject to frequent flooding, although the sandy soil allows this 
community to dry quickly once the water has receded.  
This type is best distinguished by its soft sandy soils and open canopy of short stature 
dominated by Salix nigra and Betula nigra (both indicator species for the type). Fraxinus 
pennsylvanica and Platanus occidentalis often occur as well (Appendix 9). While the canopy 
nominal species occur in the shrub layer as well, Hibiscus laevis dominates this stratum with 
high constancy and is a strong indicator for the group. The herb layer is diverse, both in 
native species and invasive species. This stratum is naturally quite disturbed due to frequent 
flooding and a continuous influx of propagules from upstream. As a result, the herb layer 
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contains a variable mix of species with a variety of preferences for light and moisture. The 
strongest indicator species in the herb stratum is the invasive Alternanthera philoxeroides. 
Other invasive species found here at high constancy include Humulus japonicus, 
Microstegium vimineum, and Murdannia keisak. Sedges such as Carex louisianica, C. 
lupulina, C. tribuloides, and C.typhina can be quite abundant. There are many indicator 
species for this group, including Erechtites hieracifolia, Echinochloa crusgalli, Leersia 
virginica, and Rumex conglomeratus (Appendix 9).        
This type appears synonymous with the bar subtype of Brownwater Levee Forest in 
Schafale (2011). The NVC types Salix nigra Forest (CEGL2103) and Betula nigra – 
Platanus occidentalis / Alnus serrulata / Boehmeria cylindrica Forest (CEGL 7312) are 
contained with this type (Table 8). See the Discussion for additional details. 
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Figure 11. Distribution of Sand and Mud Bar community type. 
 
V. Oak Bottomlands 
Quercus pagoda – Quercus michauxii / Ilex opaca / Carex abscondita Forest (14 plots): 
This type occurs on the floodplains of both the Neuse and Cape Fear rivers and is the 
most diverse community found in the study, with average species richness per 400m
2
 of 53.9 
species (Appendix 10, Figure 12). This type also has the weakest wetland indicator status, 
3.03, meaning that this type is subject to the least amount of flooding and therefore has the 
driest conditions (Table 5).  
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The soils in this type are silty and have high cation exchange capacity and high base 
saturation (Appendix 4). This implies more nutrient availability than in the other types 
although there is remarkably little phosphorus available.  
The nominal species in the canopy, Quercus pagoda and Q. michauxii, are both 
indicator species and Q. pagoda has a very high diagnostic value (Appendix 10). Carya 
cordiformis is also an indicator species in the canopy and can be quite abundant. 
Liquidambar styraciflua is present at very high constancy but is a weak indicator for the type 
due to its low fidelity. Ulmus alata is also an indicator species in the canopy, although this 
species is more likely to characterize a subcanopy stratum if one had been defined. This 
community also has several lianas that reach high abundance, including Vitis rotundifolia¸ an 
indicator species for the type, and Parthenocissus quinquefolia.   
The shrub stratum is quite diverse and has several indicator species. The strongest 
indicator species for the type is Ilex opaca var. opaca. Ilex decidua can be abundant in this 
type as well. Other indicator species include Acer floridanum, Fagus grandifolia, and 
Carpinus caroliniana. Ulmus alata, U. americana, and Ulmus rubra can all be found in this 
stratum as well. Asimina triloba, a species of nutrient-rich soils, is also present in this type 
(Weakley 2010).  
The strongest indicator species in the herb layer is the nominal species, Carex 
abscondita. Other sedges present in this type include Carex crebriflora, C. digitalis, and C. 
louisianica. Other indicator species are frequently present but at low abundance. These 
include Euonymus americana and Sceptridium biternatum. Viburnum prunifolium is often 
present in the herb layer with very high fidelity but low abundance. Vines in the herb layer 
55 
 
include those present in the canopy, Smilax spp., and the invasive species Lonicera japonica. 
Microstegium vimineum and Ligustrum sinense are often present as well.      
This type is synonymous with the High subtype of Brownwater Bottomland 
Hardwoods in Schafale (2011). This community type is contained within the NVC concept 
Quercus laurifolia-Quercus michauxii-Liquidambar styraciflua/Carpinus caroliniana Forest 
(CEGL4678) (Table 8). See Discussion for details. 
 
Figure 12. Distribution of Oak Bottomlands community type. 
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VI. Levee Forests 
This type occurs on levees of the Neuse River and Cape Fear River and is 
characterized by nutrient-rich soils (Figure 13). The soils are silty, have high cation exchange 
capacity, and low % organic matter. A wetland indicator status of 2.71 indicates that Levee 
Forests fall on the drier end of the hydrologic gradient (Table 5). This relatively species-rich 
type is characterized by such species as Fraxinus pennsylvanica, Platanus occidentalis, Acer 
negundo var. negundo, and Ulmus americana. The two communities of Levee Forests found 
in this study are comprised predominantly of plots done on the Cape Fear River with just one 
plot taken from the Neuse River. This is perhaps due to the fact that Cape Fear River is a 
larger river with more topographic variation in levee structure due to the Cape Fear Arch. 
Levees can be quite high on the Cape Fear River due to its entrenchment, whereas the Neuse 
generally lacks this feature.  
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Figure 13. Distribution of two Levee Forest community types. 
 
VIa. Celtis laevigata – Platanus occidentalis / Aesculus sylvatica / Galium aparine – 
Laportea canadensis Forest (6 plots): 
This community was sampled solely on the Cape Fear River and was not observed on 
the Neuse River. The soils in this type have the highest silt content, pH, and cation exchange 
capacity of any type in the study. The soils in this type are high in nutrients such as calcium 
and magnesium (Appendix 4). With a mean wetland indicator status of 2.90, this type is 
comprised of many species tolerant to just a moderate amount of flooding (Table 5). Levees 
are often the highest points on the floodplain in the Coastal Plain and as a result, are not 
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flooded for long periods. This type is associated with high levees, which distinguishes it from 
type VIb, and has relatively high species richness (49.4 species per 400m
2
) (Appendix 11). 
The canopy of VIa is dominated by such species as Celtis laevigata, Platanus 
occidentalis, and Ulmus americana. Both Populus deltoides and Juglans nigra are weak 
indicator species for this type, having high fidelity (75%) but fairly low constancy (50%) 
(Appendix 11). Carya cordiformis, Liquidambar styraciflua, and Liriodendron tulipifera can 
also be present. The strongest indicator species in the shrub layer is Lindera benzoin. Other 
indicator species include Aesculus sylvatica and Asimina triloba, two species associated with 
nutrient-rich soils (Weakley 2010), and the invasive shrub Ligustrum sinense. The abundance 
of Aesculus and Asimina and lack of abundant Fraxinus pennsylvanica best distinguish this 
type from type VIb, Celtis laevigata – Fraxinus pennsylvanica / Acer negundo / 
Chasmanthium latifolium – Carex grayi Forest.  
The herb layer is quite diverse with a number nutrient-rich species. The strongest 
indicator species is Galium aparine, followed by Laportea canadensis. Carex jamesii, a 
species not commonly found in the Coastal Plain of North Carolina, is also a weak indicator 
species, perhaps due to its local abundance in Raven Rock State Park, a park that is located 
on the Fall Line on the Cape Fear River.  Many other more common sedges are present in 
this community, including Carex abscondita, C. amphibola, C. crebriflora, and C. grayi. 
Other species present in the herb layer include Osmorhiza longistylis, Smilax spp., and 
Elymus virginicus. Two invasive species, Microstegium vimineum and Lonicera japonica, 
can be quite abundant.  
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This type is synonymous with the Brownwater Levee Forest (High Levee subtype) in 
Schafale (2011). In the NVC, this type is likely contained within the concept Platanus 
occidentalis-Celtis laevigata-Fraxinus pennsylvanica/Lindera benzoin-Ilex decidua/Carex 
retroflexa Forest (CEGL7730), although this concept fails to completely capture the nutrient-
rich character of the type (Table 8). See Discussion for additional details.  
VIb. Celtis laevigata – Fraxinus pennsylvanica / Acer negundo / Chasmanthium 
latifolium – Carex grayi Forest (6 plots):  
The six plots that make up this community occur on both the Neuse and Cape Fear 
Rivers. Soils are very similar to VIa, this type having slightly lower pH, cation exchange 
capacity, and base saturation. There is substantially more phosphorus in this community type 
than in VIa, and less of other nutrients (calcium, potassium, magnesium) (Appendix 4). This 
type has a slightly stronger wetland indicator status (2.53) than type VIa, indicative of more 
tolerance to inundation (Table 5). This type is associated with low to mid-sized levees which 
flood more often than high levees. This type has a slightly lower average species richness of 
42.0 species per 400m
2 
(Appendix 11).  
The canopy is dominated by Celtis laevigata and Fraxinus pennsylvanica, two 
species which are also weak indicator species. Toxicodendron radicans has very high 
constancy and high abundance in the canopy. Acer negundo var. negundo and Platanus 
occidentalis are usually present and quite abundant. Taxodium distichum may also be present 
and indicates that this type may be a wetter type than VIa, in which it is absent. Other canopy 
species that are not found in VIa include Berchemia scandens and Betula nigra. 
The shrub layer contains many species present in the canopy and shrubs such as Ilex 
decidua and Ligustrum sinense. Aesculus sylvatica and Asimina triloba, two species 
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indicative of VIa, Celtis laevigata – Platanus occidentalis / Aesculus sylvatica / Galium 
aparine – Laportea canadensis Forest, may be present but always at low abundance.  
The strongest indicator species in the herb layer are Chasmanthium latifolium, Carex 
grayi, and Elymus virginicus. These species also occur in VIa but at lower constancy. Carex 
corrugata is found in this type and is absent from VIa. Other species present in in the herb 
layer include Saururus cernuus, Smilax spp., and Ilex decidua. Invasive species that are 
usually present and abundant are Ligustrum sinense, Microstegium vimineum, and Lonicera 
japonica (Appendix 11).   
This type appears synonymous with the Brownwater Levee Forest (Medium Levee 
subtype) in Schafale (2011). This community is equivalent with the NVC concept with Celtis 
laevigata - Fraxinus pennsylvanica - Acer negundo - (Juglans nigra) / Asimina triloba / 
Carex grayi Forest (CEGL4740) (Table 8). See Discussion for additional details. 
 
 
Table 8. Relationship of the 11 recognized community types to established USNVC associations 
(http://www.natureserve.org/explorer/, May 30, 2011). Relationships are depicted in the table by four 
symbols: < indicating our type is included in the NVC concept, > indicating our type includes the NVC 
concept, >< indicating that the two concepts overlap, ~ indicating our type is approximately equivalent to 
NVC concept, and = indicating the two concepts are equal to each other. 
type N 
Alluvial vegetation type 
name 
Relationship 
NVC 
CEGL 
NVC community type (with CEGL 
code) 
I. Cypress-Gum Swamp Forests 
Ia 4 
Taxodium distichum Swamp 
Forest  
< 2420 
Taxodium distichum / Lemna 
minor Forest 
Ib 4 
Taxodium distichum – Nyssa 
aquatica / Fraxinus 
caroliniana Swamp Forest 
>< 7431 
Taxodium distichum - Nyssa 
aquatica / Fraxinus caroliniana 
Forest 
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>< 7422 
Taxodium distichum - Nyssa 
aquatica - Acer rubrum / Itea 
virginica Forest 
>< 7432 
Taxodium distichum - Nyssa 
aquatica - Nyssa biflora / Fraxinus 
caroliniana / Itea virginica Forest 
II. Red Maple Flats 
IIa 5 
Nyssa biflora – Acer rubrum  
/  Itea virginica / Osmunda 
regalis – Peltandra  virginica 
Swamp Forest 
>< 7432 
Taxodium distichum - Nyssa 
aquatica - Nyssa biflora / Fraxinus 
caroliniana / Itea virginica Forest 
>< 7719 
Taxodium distichum - Fraxinus 
pennsylvanica - Quercus laurifolia 
/ Acer rubrum / Saururus cernuus 
Forest 
IIb 5 
Quercus (phellos, lyrata) – 
Acer rubrum  / Carpinus 
caroliniana  / Carex 
gigantea – Carex tribuloides 
Forest 
 
< 
 
4735 
Quercus lyrata - Quercus 
laurifolia - Taxodium distichum / 
Saururus cernuus Forest 
IIc 6 
Liquidambar styraciflua – 
Acer rubrum  / Ilex decidua 
/ Carex grayi Forest 
< 4735 
Quercus lyrata - Quercus 
laurifolia - Taxodium distichum / 
Saururus cernuus Forest  
III. Water Hickory Swamp Forests 
IIIa 8 
Taxodium distichum – Carya 
aquatica / Crataegus viridis 
/ Carex typhina Swamp 
Forest  
< 4695 
Fraxinus pennsylvanica - Quercus 
laurifolia - Quercus lyrata - Carya 
aquatica Forest 
IIIb 6 
Carya aquatica – Ulmus 
americana / Ilex decidua / 
Trachelospermum difforme 
– Ampelopsis arborea 
Swamp Forest 
< 4695 
Fraxinus pennsylvanica - Quercus 
laurifolia - Quercus lyrata - Carya 
aquatica Forest 
IV. Sand and Mud Bars 
IV 6 
Salix nigra – Betula nigra / 
Hibiscus laevis / Bar  
>< 2103 Salix nigra Forest 
>< 7312 
Betula nigra – Platanus 
occidentalis / Alnus serrulata / 
Boehmeria cylindra Forest 
V. Oak Bottomlands 
V 14 
Quercus pagoda – Quercus 
michauxii / Ilex opaca / 
Carex abscondita Forest 
>< 4678 
Quercus laurifolia - Quercus 
michauxii - Liquidambar 
styraciflua / Carpinus caroliniana 
Forest 
VI. Levee Forests 
62 
 
VIa 6 
Celtis laevigata – Platanus 
occidentalis / Aesculus 
sylvatica / Galium aparine – 
Laportea canadensis Forest  
< 7730 
Platanus occidentalis - Celtis 
laevigata - Fraxinus pennsylvanica 
/ Lindera benzoin - Ilex decidua / 
Carex retroflexa Forest 
VIb 6 
Celtis laevigata – Fraxinus 
pennsylvanica / Acer 
negundo / Chasmanthium 
latifolium – Carex grayi 
Forest  
= 4740 
Celtis laevigata - Fraxinus 
pennsylvanica - Acer negundo - 
(Juglans nigra) / Asimina triloba / 
Carex grayi Forest 
 
4. Discussion 
Alluvial plant communities on the Coastal Plain are explained in large part by 
geomorphology, which is driven by hydroperiod and soil texture (Figure 14).  In ordination 
space, there is a clear hydroperiod gradient, using wetland indicator status as a proxy, where 
Cypress-Gum Swamp Forests (type I) can be found on the extreme wet end and Oak 
Bottomlands (type V) and Levee Forests (type VI) are located on the dryer end (Figure 5). 
Cypress-Gum Swamp Forests are also associated with high iron content, a mineral which is 
often bound to clay particles. Levee Forests and Oak Bottomlands have silty soils and high 
cation exchange capacity and are the most nutrient-rich types in the study. Levee Forests are 
high points on the floodplain that run parallel and adjacent to the channel. During flooding 
events, heavier sediments like sand and silt drop out of solution first and are deposited in 
these areas. Oak Bottomlands are also fairly high and dry, occuring on ridges in ridge-and-
swale topography and are subject to flooding of short duration. Silt is deposited on these 
landforms because the short duration of flooding does not promote deposition of fine 
sediment (clay).  
Red Maple Flats (type II) fall in the middle of the hydroperiod gradient and the soils 
in this type range from slightly high clay content to a fairly even mix of sand, silt, and clay. 
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The spread of this type in ordination space coupled with environmental variation within the 
group indicates that it is perhaps not a cohesive group. Sand and Mud bars (type IV) are 
correlated with very high sand content and are found closest to the channel where soft 
sediment is deposited on the convex sides of the bank. The Water Hickory Swamp Forest 
type (type III) is not easily distinguished because it is located in the middle of the 
hydroperiod and soil texture gradient and intergrades floristically with both Cypress-Gum 
Swamp Forests and Levee Forests. 
 
Figure 14. Gradient diagram demonstrating 11 community types sorting out on soil and hydrologic 
gradients. 
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Although every attempt was made to sample across the hydrologic gradient and to 
capture the full extent of variation in high quality vegetation, this effort was restricted by 
several unavoidable constraints. Floodplain forests on the Coastal Plain currently are highly 
fragmented and invaded landscapes and little high-quality vegetation remains. Access to 
some large tracts of land was barred due to inability to obtain permission from private 
landowners.  Several forested areas recorded as 'significant natural heritage areas' by the 
North Carolina Natural Heritage Program had been cleared for agricultural purposes in recent 
years. A long history of selective timbering of species such as Taxodium distichum may have 
caused an unnatural increase in abundance of other species, skewing the results of the 
classification.  
Some species may be under-represented in the dataset for sampling reasons. Sampling 
at each site was only done once in the height of the growing season such that presence of all 
vegetation at each site could not be recorded. As a result some members of the Asteraceae 
and Poaceae, which mature late in the growing season, are under-represented in the dataset. 
Most spring ephemerals were also not recorded as sampling began mid-May.        
Given the limitations, this classification represents the most current reflection of the 
variation and spatial pattern of alluvial plant communities on the Neuse and Cape Fear Rivers 
in the Coastal Plain and can be expected to inform ongoing revision of the US National 
Vegetation Classification. Table 4 facilitates a comparison of the communities recognized in 
this study with current known NVC associations.  
Type Ia, Taxodium distichum Swamp Forest, is contained within the recognized NVC 
concept Taxodium distichum / Lemna minor Forest (CEGL 2420). This NVC concept occurs 
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across a variety of ecological settings throughout the Atlantic and Gulf coastal plains and is 
the only community type with Taxodium distichum as the sole dominant that occurs outside 
Florida. This NVC concept is broadly defined and type Ia is a variant within this concept. It 
is recommended that species with high constancy, such as Bidens frondosa, Pilea pumila, 
and Triadenum walteri, often found growing on exposed deadfall, should be included in the 
description.  
Type Ib, Taxodium distichum – Nyssa aquatica / Fraxinus caroliniana Swamp Forest, 
overlaps with two NVC concepts: Taxodium distichum - Nyssa aquatica / Fraxinus 
caroliniana Forest (CEGL7431) and Taxodium distichum - Nyssa aquatica - Acer rubrum / 
Itea virginica Forest (CEGL7422). The difference between CEGL 7431 and CEGL 7422 is 
poorly defined. CEGL 7431 is characterized as semipermanently flooded and occurring on a 
variety of geomorphic features (oxbow lakes, ponds, riverbanks, wet flats, sloughs, swales, 
backswamps) whereas CEGL 7422 is described as flooded 3-4 months seasonally and occurs 
primarily in sloughs. Both types share dominance of Taxodium distichum and Nyssa aquatica 
in the canopy. CEGL 7431 has a variety of subcanopy and shrub species that may be present 
as well, including Fraxinus caroliniana, Quercus lyrata, and Ulmus americana. Type IIb has 
constant and abundant Fraxinus caroliniana as well as occasional presence of Quercus lyrata 
and Ulmus americana. However, type IIb also has constant and fairly abundant Acer rubrum 
in the canopy and shrub stratum as well as constant Itea virginica in the shrub stratum, two 
species frequently found in CEGL 7422. The floristics and narrow geomorphic constraints of 
CEGL 7422 suggest that it should be lumped with CEGL 7431, a more broadly defined type.  
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It is recommended that these two poorly differentiated types be combined into a single 
concept. If the two concepts were lumped into a single concept, type IIb would be equivalent 
to that concept. 
Type IIa, Nyssa biflora – Acer rubrum  /  Itea virginica / Osmunda regalis – 
Peltandra  virginica Swamp Forest, overlaps with two NVC concepts: the blackwater 
association Taxodium distichum - Nyssa aquatica - Nyssa biflora / Fraxinus caroliniana / 
Itea virginica Forest (CEGL7432), and a brownwater association Taxodium distichum - 
Fraxinus pennsylvanica - Quercus laurifolia / Acer rubrum / Saururus cernuus Forest 
(CEGL7719) (Table 7). CEGL 7432 is characteristically associated with small blackwater 
streams but is said to also occur in somewhat isolated basins of brownwater floodplains. The 
samples that make up type IIa all occurred in floodplain depressions but were not particularly 
isolated and were often quite near the channel. Brownwater rivers in the coastal plain have a 
number of blackwater tributaries and this may blur any discrete cutoff between blackwater 
and brownwater river associations; IIa demonstrates this ambiguity. Type IIa has strong 
floristic similarity in the canopy and shrub layer to CEGL 7432, although this concept fails to 
capture the rich herb layer that includes such species as Osmunda regalis, Peltandra 
virginica, and Woodwardia areolata. These species were indicator species for the type. We 
recommend an inclusion of these important herb layer hydrophytes. Type IIa also overlaps 
with CEGL 7719, an NVC concept which is documented in North Carolina and occurs over a 
variety of alluvial settings, although this concept lacks the characteristic Nyssa biflora in the 
canopy and aforementioned indicator hydrophytes.  
While type IIb, Quercus (phellos, lyrata) – Acer rubrum  / Carpinus caroliniana  / 
Carex gigantea – Carex tribuloides Forest, is equivalent to the NVC concept Quercus lyrata 
67 
 
- Quercus laurifolia - Taxodium distichum / Saururus cernuus Forest (CEGL 7435), type IIc, 
Liquidambar styraciflua – Acer rubrum  / Ilex decidua / Carex grayi Forest appears to be an 
early successional variant of CEGL 7435 that has the potential to transition to type IIb given 
continued natural hydrologic processes and enough time. Hydrology has been altered on 
many brownwater rivers in the coastal plain due to upstream dams. This altered hydrology 
changes the flooding regime and a consequence of this may be that communities are 
disturbed and reset to early to mid-successional states. Forests dominated by young Acer 
rubrum and Fraxinus pennsylvanica were observed in degraded areas throughout the range of 
the study. Samples in this type occur just below the Fall Line on the Neuse River where the 
installation of the dam creating Falls Lake has affected communities downstream and on the 
Cape Fear River further toward the coast. Type IIb fits best within a placeholder NVC 
association Acer rubrum – Fraxinus pennsylvanica Seasonally Flooded Forest (CEGL 7380). 
We recommend the acceptance of CEGL 7380 as a recognized NVC concept that 
encompasses these early to mid-successional types of disturbed but common floodplain 
forests. 
Vegetation type III, Water Hickory Swamp Forests, represents low levee forests that 
occur predominantly on the Neuse River. Both type IIIa, Taxodium distichum – Carya 
aquatica / Crataegus viridis / Carex typhina Swamp Forest, and type IIIb, Carya aquatica – 
Ulmus americana / Ilex decidua / Trachelospermum difforme – Ampelopsis arborea Swamp 
Forest, are contained within the single NVC concept Fraxinus pennsylvanica - Quercus 
laurifolia - Quercus lyrata - Carya aquatica Forest (CEGL 4695). This concept has a brief 
description of environmental setting (natural low levees of brownwater rivers)                     
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and a floristic description that includes only canopy species. We recommend splitting this 
NVC concept into two associations that represent IIIa and IIIb.  
The new NVC concept that represents type IIIa, Taxodium distichum – Carya 
aquatica / Crataegus viridis / Carex typhina Swamp Forest, should list Taxodium distichum 
and Carya aquatic as dominant canopy species. Listed among canopy species that can reach 
high abundance should be Fraxinus pennsylvanica and Platanus occidentalis. Ilex decidua 
and Crataegus viridis should be listed as important species in the shrub layer along with 
occasional Fraxinus caroliniana. Lianas should also be included in the floristic description. 
Specifically, Toxicodendron radicans, Campsis radicans, and Smilx rotundifolia should be 
included. We recommend including herb stratum information as well. Common wetland 
species like Boehmeria cylindrica and the sedges Carex typhina and Carex louisianica 
should be included in the herb description. Murdannia keisak and Alternanthera 
philoxeroides should be listed as the two invasive species often present at low abundance.  
The new NVC concept that represents type IIIb, Carya aquatica – Ulmus americana / 
Ilex decidua / Trachelospermum difforme – Ampelopsis arborea Swamp Forest, should list 
Carya aquatica, Taxodium distichum, and Ulmus americana as the dominant canopy species. 
Other canopy species with the potential of reaching high abundance are Betula nigra, 
Fraxinus pennsylvanica, and Quercus lyrata. Nyssa aquatica, Liquidambar styraciflua, and 
Quercus laurifolia can also be present in the canopy.  We recommend the inclusion of 
Crataegus viridis, Ilex decidua, Carpinus caroliniana, and Acer rubrum in the shrub stratum 
as well as a number of vines, including the two indicator species Ampelopsis arborea and 
Trachelospermum difforme. Other vines that should be included in this description are Smilax 
rotundifolia, S. bona-nox, Campsis radicans, and Toxicodendron radicans. We also 
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recommend a description of the herb stratum to include such common wetland species as 
Boehmerica cylindrica, Bidens frondosa, Commelina virginica, and abundant Saururus 
cernuus as well as a number of Carices at relatively low abundance, including Carex 
louisianica, C. corrugata, and C. typhina. Lastly, we recommend mention in the description 
of the invasive species occasionally present in the herb layer, Alternanthera philoxeroides 
and Murdannia keisak. 
Type IV, Salix nigra – Betula nigra / Hibiscus laevis / Bar, captures two NVC 
concepts, Salix nigra Forest (CEGL2103) and Betula nigra – Platanus occidentalis / Alnus 
serrulata / Boehmeria cylindrica Forest (CEGL 7312). Both birch-dominated bars and 
willow-dominated bars were sampled to capture variation on the floodplain and were 
perceived as discrete and separate communities. These two entities intergrade quite a bit in 
their similar herb layer and often contain the same canopy species, Betula nigra and Salix 
nigra. The key difference between these two bars is canopy dominance; bars closest to the 
channel are willow dominated, while birch-dominated bars are often situated further inland 
and adjacent to willow bars. Because of the strong floristic similarity, these samples fell out 
in the same group in analysis. 
Vegetation type V, Quercus pagoda – Quercus michauxii / Ilex opaca / Carex 
abscondita Forest is contained within the NVC concept Quercus laurifolia - Quercus 
michauxii - Liquidambar styraciflua / Carpinus caroliniana Forest (CEGL 7312). With its 
weak wetland rank, an indication of a drier community, type V and the NVC concept span 
brownwater river floodplain terraces and ridges. The floristics of the canopy species in both 
concepts are in agreement.  
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We recommend inclusion of Acer floridanum and three Ulmus spp., U. alata, U. americana, 
and U. rubra, in the description of the understory. Carex abscondita is a very strong indicator 
of the type and we recommend inclusion of this as a nominal species and in the description.  
Type VIa, Celtis laevigata – Platanus occidentalis / Aesculus sylvatica / Galium 
aparine – Laportea canadensis Forest, is a high levee forest that is likely contained within 
the NVC concept Platanus occidentalis - Celtis laevigata - Fraxinus pennsylvanica / Lindera 
benzoin - Ilex decidua / Carex retroflexa Forest (CEGL 7730). Environmental settings are in 
agreement and floristically these two types are quite similar. Type VIa is a more nutrient-rich 
variant of CEGL 7730 as evidenced by some characteristic species which are abundant in 
nutrient-rich soils. These species include Juglans nigra, Asimina triloba, Aesculus sylvatica, 
and Carex jamesii. We recommend mention in the description that this type can occur over 
more nutrient-rich soils and may contain a suite of nutrient-rich species.  
Type VIb, Celtis laevigata – Fraxinus pennsylvanica / Acer negundo / Chasmanthium 
latifolium – Carex grayi Forest, is a low levee forest that is equivalent to the NVC concept 
Celtis laevigata - Fraxinus pennsylvanica - Acer negundo - (Juglans nigra) / Asimina triloba 
/ Carex grayi Forest (CEGL 4740). The classification confidence is low and plots that 
represent this type are located on the floodplains of the Roanoke River in North Carolina and 
the Congaree River in South Carolina.  Samples that make up type VIb occur on both the 
Neuse River and Cape Fear River. This supports the idea that this is a common levee 
association throughout the Atlantic coastal plain. We recommend raising the confidence to 
medium.  
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Classifying floodplain communities is a challenge because of the dynamic nature of 
riparian systems. Alluvial plant communities are often indiscrete divisions of a continuum 
from upland to aquatic environments. Fluvial processes constantly force change by 
deposition, erosion, and natural disturbance. In turn, vegetation is dynamic in its response to 
this environmental change. Communities are in a constant state of flux through the opposing 
forces of ecological succession, in which species composition in communities changes as 
deposition raises elevation and flooding duration becomes shorter, and flooding events which 
may reverse or arrest succession (Hodges 1997).  
The open and disturbed nature of riparian systems promotes stochasticity in species 
distribution which further blurs the discreteness of alluvial communities. Communities 
intergrade and environmental differences are quite subtle. Nonetheless, although vegetation 
is continuous across the landscape, there are repeated spatial patterns of vegetation that 
warrant identification and description.  
Vegetation classification and description is an important and practical tool that 
provides systematic information on vegetation structure and composition. Detailed 
knowledge of vegetation patterns and environmental drivers of those patterns contribute to an 
overall understanding of plant ecology. Classification is practical because it furthers the 
primary goal of the US National Vegetation Classification, which in turn informs 
conservation, land management, and wetland restoration. The information presented here, 
once incorporated into the NVC, can be used as a tool for setting conservation targets in 
remaining areas of high-quality vegetation in alluvial forests of the Coastal Plain of North 
Carolina.  
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Appendix 1. Original species list prior to deletion of rare species and 
other taxonomic decisions 
 
Taxon 
[Gonolobus + Matelea] 
[Hylodesmum+Desmodium] 
Acalypha rhomboidea 
Acanthospermum austral 
Acer floridanum 
Acer negundo 
Acer negundo var. negundo 
Acer rubrum 
Acer rubrum var. rubrum 
Acer rubrum var. trilobum 
Acorus calamus 
Aesculus sylvatica 
Ailanthus altissima 
Albizia julibrissin 
Allium 
Allium canadense 
Alnus serrulata 
Alopecurus carolinianus 
Alternanthera philoxeroides 
Amaranthus blitum 
Ambrosia artemisiifolia 
Amelanchier 
Ampelopsis arborea 
Amphicarpaea bracteata var. bracteata 
Anemone americana 
Apios americana 
Arisaema dracontium 
Arisaema triphyllum 
Arisaema triphyllum ssp. triphyllum 
Arnoglossum atriplicifolium 
Aronia arbutifolia 
Arundinaria 
Arundinaria gigantea 
Asarum canadense var. canadense 
Asimina triloba 
Asplenium platyneuron 
Asteraceae 
Athyrium asplenioides 
Baccharis halimifolia 
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Berchemia scandens 
Betula nigra 
Bidens bipinnata 
Bidens frondosa 
Bignonia capreolata 
Boehmeria cylindrica 
Botrypus virginianus 
Brassicaceae 
Bryophyte 
Callicarpa americana 
Calystegia sepium ssp. sepium 
Campsis radicans 
Cardamine 
Carex 
Carex [flaccosperma+pigra+glaucodea] 
Carex [glaucodea + pigra] 
Carex [radiata + rosea] 
Carex [rugosperma + tonsa + umbellata] 
Carex abscondita 
Carex albolutescens 
Carex amphibola 
Carex blanda 
Carex bromoides ssp. bromoides 
Carex caroliniana 
Carex comosa 
Carex corrugata 
Carex crebriflora 
Carex crinite 
Carex crinita var. brevicrinis 
Carex crus-corvi 
Carex debilis 
Carex digitalis var. digitalis 
Carex flaccosperma 
Carex gigantea 
Carex glaucodea 
Carex grayi 
Carex intumescens var. intumescens 
Carex jamesii 
Carex laxiflora 
Carex longii 
Carex louisianica 
Carex lupulina 
Carex lurida 
Carex normalis 
Carex oxylepis 
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Carex planispicata 
Carex radiate 
Carex rosea 
Carex scoparia var. scoparia 
Carex sect. ovales 
carex sect. vulpine 
Carex squarrosa 
Carex stipata 
Carex stipata var. maxima 
Carex stipata var. stipata 
Carex tribuloides 
Carex tribuloides var. sangamonensis 
Carex tribuloides var. tribuloides 
Carex typhina 
Carex venusta 
Carex vulpinoidea 
Carpinus caroliniana 
Carpinus caroliniana var. caroliniana 
Carya 
Carya alba 
Carya aquatica 
Carya cordiformis 
Carya glabra 
Carya ovate 
Carya pallida 
Caryophyllaceae 
Celtis laevigata 
Cephalanthus occidentalis 
Cercis canadensis var. canadensis 
Chasmanthium 
Chasmanthium latifolium 
Chasmanthium laxum 
Chasmanthium sessiliflorum var. sessiliflorum 
Chelidonium majus 
Chimaphila maculata 
Cicuta maculata var. maculata 
Cinna arundinacea 
Clematis crispa 
Clematis terniflora 
Commelina 
Commelina communis 
Commelina communis var. communis 
Commelina erecta var. erecta 
Commelina virginica 
Conoclinium coelestinum 
75 
 
Cornus florida 
Cornus foemina 
Cornus stricta 
Corydalis flavula 
Crataegus 
Crataegus marshallii 
Crataegus viridis 
Cyperus pseudovegetus 
Dactylis glomerata 
Decumaria barbara 
Desmodium nudiflorum 
Dichanthelium 
Dichanthelium acuminatum var. acuminatum 
Dichanthelium boscii 
Dichanthelium clandestinum 
Dichanthelium commutatum 
Dichanthelium commutatum var. commutatum 
Dichanthelium dichotomum 
Dichanthelium dichotomum var. dichotomum 
Dichanthelium dichotomum var. ramulosum 
Dichanthelium laxiflorum 
Dichanthelium yadkinense 
Dicliptera brachiata 
Dicot 
Digitaria sanguinalis 
Diodia virginiana 
Dioscorea 
Dioscorea villosa 
Diospyros virginiana 
Dysphania ambrosioides 
Echinochloa 
Echinochloa crusgalli var. crusgalli 
Echinodorus cordifolius ssp. cordifolius 
Eclipta prostrata 
Eleocharis 
Elephantopus carolinianus 
Elymus 
Elymus virginicus 
Elymus virginicus var. virginicus 
Eragrostis 
Erechtites hieracifolia var. hieracifolia 
Ericaceae 
Eubotrys racemosa 
Euonymus americanus 
Eupatorium capillifolium 
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Eupatorium serotinum 
Eurybia chlorolepis 
Eutrochium dubium 
Fabaceae 
Fagus grandifolia var. caroliniana 
Festuca 
Festuca subverticillata 
Fragaria virginiana 
Fraxinus americana 
Fraxinus caroliniana 
Fraxinus pennsylvanica 
Fraxinus profunda 
Galium aparine 
Galium circaezans var. circaezans 
Galium obtusum 
Galium tinctorium var. tinctorium 
Gamochaeta chionesthes 
Gelsemium sempervirens 
Geum canadense 
Ginkgo biloba 
Glyceria septentrionalis 
Glyceria striata var. striata 
Goodyera pubescens 
Habenaria repens 
Hedera helix var. helix 
Heliopsis helianthoides 
Heliopsis helianthoides var. helianthoides 
Hexastylis arifolia 
Hibiscus laevis 
Humulus japonicus 
Hydrocotyle [prolifera+subverticillata+umbellata] 
Hydrophyllaceae 
Hypericum hypericoides 
Hypoxis hirsute 
Ilex cornuta 
Ilex decidua var. decidua 
Ilex laevigata 
Ilex opaca var. opaca 
Impatiens capensis 
Ipomoea 
Itea virginica 
Juglans nigra 
Juncus 
Juncus acuminatus 
Juncus bufonius 
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Juncus coriaceus 
Juncus effusus ssp. solutus 
Juncus subcaudatus var. subcaudatus 
Juniperus virginiana 
Lactuca 
Lamiaceae 
Laportea canadensis 
Leersia 
Leersia oryzoides 
Leersia virginica 
Lemna 
Lespedeza cuneata 
Lespedeza procumbens 
Leucothoe axillaris 
Ligustrum lucidum 
Ligustrum sinense 
Lindera benzoin 
Lindera benzoin var. pubescens 
Liparis liliifolia 
Liquidambar styraciflua 
Liriodendron tulipifera var. tulipifera 
Liriope muscari 
Lobelia 
Lolium perenne var. perenne 
Lonicera japonica 
Lonicera sempervirens 
Ludwigia palustris 
Lycopus virginicus 
Lygodium japonicum 
Magnolia virginiana 
Matelea 
Matelea/Gonolobus 
Melica mutica 
Melothria pendula var. pendula 
Menispermum canadense 
Microstegium vimineum 
Mikania scandens 
Mitchella repens 
Mollugo verticillata 
Morella cerifera 
Morus rubra 
Muhlenbergia 
Murdannia keisak 
Myosotis 
Myosotis macrosperma 
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Myriophyllum 
Myriophyllum aquaticum 
Myriophyllum pinnatum 
Nandina domestica 
Nemophila aphylla 
Nymphoides aquatica 
Nyssa aquatica 
Nyssa biflora 
Nyssa sylvatica 
Onoclea sensibilis var. sensibilis 
Ophioglossum pycnostichum 
Oplismenus hirtellus ssp. setarius 
Osmorhiza longistylis 
Osmunda cinnamomea var. cinnamomea 
Osmunda regalis var. spectabilis 
Ostrya virginiana 
Oxalis 
Oxalis violacea 
Packera glabella 
Panicum 
Panicum hemitomon 
Parietaria 
Parietaria pensylvanica 
Parthenocissus quinquefolia 
Paspalum laeve var. laeve 
Passiflora lutea var. lutea 
Paulownia tomentosa 
Peltandra virginica 
Perilla frutescens 
Persea palustris 
Persicaria 
Persicaria [punctata+hydropiper] 
Persicaria amphibia 
Persicaria arifolia 
Persicaria hirsuta 
Persicaria hydropiperoides 
Persicaria lapathifolia 
Persicaria longiseta 
Persicaria punctata 
Persicaria sagittata 
Persicaria setacea 
Persicaria virginiana 
Phacelia covillei 
Phoradendron serotinum ssp. serotinum 
Phytolacca americana 
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Pilea pumila 
Pinus 
Pinus taeda 
Platanus occidentalis var. occidentalis 
Pleopeltis polypodioides ssp. michauxiana 
Pluchea camphorata 
Poa 
Poa annua 
Poa autumnalis 
Poa cuspidate 
Poa sylvestris 
Poaceae 
Podophyllum peltatum 
Polygonatum biflorum var. biflorum 
Polypodium virginianum 
Polystichum acrostichoides 
Populus deltoides var. deltoides 
Populus heterophylla 
Potentilla [canadensis+simplex] 
Potentilla indica 
Prunella vulgaris var. vulgaris 
Prunus 
Prunus caroliniana 
Prunus serotina var. serotina 
Ptilimnium capillaceum 
Pyrus calleryana 
Quercus 
Quercus alba 
Quercus laurifolia 
Quercus lyrata 
Quercus michauxii 
Quercus nigra 
Quercus pagoda 
Quercus palustris 
Quercus phellos 
Quercus shumardii var. shumardii 
Quercus stellate 
Quercus velutina 
Ranunculus abortivus 
Rhododendron canescens 
Rhynchospora 
Rhynchospora caduca 
Rosa multiflora 
Rosa palustris 
Rubus 
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Rubus argutus 
Rubus flagellaris 
Rubus hispidus 
Rubus trivialis 
Ruellia 
Ruellia caroliniensis 
Rumex 
Rumex conglomeratus 
Rumex crispus ssp. crispus 
Sabal minor 
Sagittaria latifolia var. pubescens 
Salix nigra 
Salvia lyrata 
Sambucus canadensis 
Sanicula canadensis 
Sanicula canadensis var. canadensis 
Sanicula canadensis var. floridana 
Sassafras albidum 
Saururus cernuus 
Saxifragaceae 
Sceptridium biternatum 
Schedonorus arundinaceus 
Scleria oligantha 
Scrophulariaceae 
Scutellaria 
Scutellaria integrifolia 
Scutellaria lateriflora 
Scutellaria nervosa 
Senna marilandica 
Sideroxylon lycioides 
Sisyrinchium angustifolium 
Smilax 
Smilax bona-nox 
Smilax glauca 
Smilax hispida 
Smilax laurifolia 
Smilax rotundifolia 
Smilax smallii 
Smilax walteri 
Solidago 
Sophronanthe pilosa 
Sparganium americanum 
Sphagnum 
Stachys floridana 
Stellaria 
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Stellaria media 
Stellaria pubera 
Styrax americanus 
Symphyotrichum 
Symphyotrichum [lanceolatum + lateriflorum + racemosum] 
Symplocos tinctoria 
Taxodium distichum 
Teucrium canadense var. canadense 
Tillandsia usneoides 
Toxicodendron radicans var. radicans 
Trachelospermum difforme 
Triadenum virginicum 
Triadenum walteri 
Triadica sebifera 
Ulmus 
Ulmus [americana + rubra] 
Ulmus alata 
Ulmus americana 
Ulmus rubra 
Urtica chamaedryoides 
Uvularia 
Uvularia sessilifolia 
Vaccinium arboreum 
Vaccinium elliottii 
Vaccinium fuscatum 
Verbesina alternifolia 
Verbesina occidentalis 
Veronica peregrina var. peregrina 
Viburnum prunifolium 
Vicia caroliniana 
Viola 
Viola esculenta 
Viola pubescens 
Viola pubescens var. pubescens 
Viola pubescens var. scabriuscula 
Viola septemloba 
Viola striata 
Vitis 
Vitis aestivalis var. aestivalis 
Vitis cinerea 
Vitis cinerea var. baileyana 
Vitis cinerea var. floridana 
Vitis riparia 
Vitis rotundifolia var. rotundifolia 
Vitis vulpine 
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Woodwardia areolata 
Woodwardia virginica 
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Appendix 2: Standardization of species nomenclature across dataset 
 
1. The following taxa were deleted due to low resolution status and ambiguity in 
identification: 
a. Taxa identified at Genus level (taxa identified to species within these genera were 
retained):  
Allium species, Amelanchier species, Carex species, Carex Section Ovales species, Carex 
Section Vulpinae, Cardamine species, Carya species, Chasmanthium species, Commelina 
species, Dichanthelium species, Dioscorea species, Juncus species, Lactuca species, Poa 
species, Leersia species, Lemna species, Lobelia species, Muhlenbergia species, Persicaria 
species, Pinus species, Prunus species, Quercus species, Rhynchospora species,  Rumex 
species, Scutellaria species, Smilax species, Symphyotrichum species, Ulmus species, Vitis 
species 
b. Taxa identified at Family level (taxa identified to species within these families were 
retained): 
Asteraceae species, Brassicaceae species, Caryophyllaceae species, Fabaceae species, 
Hydrophyllaceae species, Lamiaceae species, Poaceae species, Saxifragaceae species, 
Scrophulariaceae species  
c. Low resolution taxa: 
Dicot species  
2. The following taxa were deleted as not all workers recorded their presence 
a. Non-vascular taxa 
Lichens, Bryophytes, Sphagnum, Mosses 
2. Species and/or subspecies were lumped to the following genera: 
CRATAEGUS species: (includes Crataegus viridis and all Crataegus taxa identified at genus 
level)  
ECHINOCHLOA species: (includes Echinochloa crusgalli var. crusgalli and all 
Echinochloa indentified at genus level) 
ELYMUS species: (includes Elymus virginicus var. virginicus, E. virginicus, and all Elymus 
taxa identified at genus level) 
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FESTUCA species: (includes Festuca subverticillata and all Festuca taxa identified at genus 
level) 
MYRIOPHYLLUM species: (includes Myriophyllum aquaticum, M. pinnatum, and all 
Myriophyllum taxa identified at genus level) 
OXALIS species: (includes Oxalis violacea and all Oxalis taxa identified at genus level)   
PANICUM species: (includes Panicum hemitomon and all Panicum taxa identified at genus 
level) 
RUBUS species: (includes Rubus argutus, R. flagellaris, R. hispidus, R. trivialis, and all 
Rubus taxa identifed at genus level) 
STELLARIA species: (includes Stellaria media, S. pubera, and all Stellaria taxa identified at 
genus level) 
VIOLA species: (includes Viola esculenta, V. pubescens var. pubescens, V. pubescens 
scabriuscula, V. septemloba, V. striata, and all Viola taxa identified at genus level)  
3. Subspecies were lumped to the following species: 
ACER RUBRUM: (includes Acer rubrum var. rubrum, A. rubrum var. trilobum, and all A. 
rubrum identified at species level) 
ARISAEMA TRIPHYLLUM: (includes Arisaema triphyllum ssp. triphyllum and all A. 
triphyllum identified at species level) 
CAREX CRINITA: (includes Carex crinita var. brevicrinis, C. crinita var. crinita, and all C. 
crinita identified at species level) 
CAREX TRIBULOIDES: (includes Carex tribuloides var. sangamonensis, C. tribuloides 
var. tribuloides, and all C. tribuloides identified at species level) 
CAREX STIPATA: (includes Carex stipata var. maxima, C. stipata var. stipata, and all C. 
stipata identified at species level) 
COMMELINA COMMUNIS: (includes Commelina communis var. communis and all C. 
communis identified at species level) 
DICHANTHELIUM COMMUTATUM: (includes Dichanthelium commutatum var. 
commutatum and all D. commutatum identified at species level) 
DICHANTHELIUM DICHOTOMUM: (includes Dichanthelium dichotomum var. 
dichotomum, D. dichotomum var. ramulosum, and all D. dichotomum identified at species 
level) 
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HELIOPSIS HELIANTHOIDES: (includes Heliopsis helianthoides var. helianthoides and 
all H. helianthoides identified at species level ) 
SANICULA CANADENSIS: (includes Sanicula canadensis var. canadensis, S. canadensis 
var. floridana, and all S. canadensis identified at species level) 
VITIS CINEREA: (includes Vitis cinerea var. baileyana, V. cinerea var. floridana, and all V. 
cinerea identified at species level) 
4. Species were lumped to the following groups: 
CAREX [flaccosperma + glaucodea + pigra] 
CAREX [radiata + rosea] 
FRAXINUS [pennsylvanica + profunda] 
[GONOLOBUS + MATELEA] species 
HYDROCOTYLE [prolifera + subverticillata + umbellata] 
PERSICARIA [hydropiper + punctata] 
SYMPHYOTRICHUM [lanceolatum + lateriflorum + racemosum] 
 
 
 
 
 
 
 
 
 
  
Appendix 3a. Prevalent species in vegetation types I-III by stratum 
 
Species shown are prevalent in at least one group and also have >50% constancy and an average cover class of >2 (i.e. >1% cover) in 
at least one group (see text for definition of each metric). Constancy and average cover are in bold where a species is prevalent. 
Species are only listed in the stratum in which the adult life form is present. Non-native species are identified with an *. 
  
I. Cypress-Gum Swamp 
Forest 
II. Red Maple Flats 
III. Water Hickory Swamp 
Forest 
Groups Ia Ib IIa IIb IIc IIIa IIIb 
Group Plot Count 4 4 5 5 6 8 6 
Avg Plot Spp Richness (1m
2
) 2.2 2.8 9.0 6.5 2.5 4.7 4.6 
Avg Plot Spp Richness (10m2) 5.4 7.5 19.1 14.0 6.0 10.8 10.7 
Avg Plot Spp Richness (100m2) 15.9 18.8 40.2 28.7 15.4 23.5 22.3 
Avg Plot Spp Richness (400m2) 24.0 31.0 54.3 45.0 26.3 37.6 39.3 
Group homoteneity 58% 70% 64% 65% 61% 65% 69% 
Mean wetland rank 1.53 1.46 1.84 2.11 2.04 1.76 2.28 
Cation exchange capacity 14.22 15.72 9.10 16.04 15.82 13.47 14.82 
% Sand 15.00 35.56 32.02 22.83 11.48 36.11 34.18 
% Clay 44.10 24.86 27.00 43.76 44.58 27.10 30.21 
taxon name stratum const. cover const. cover const. cover const. cover const. cover const. cover const. Cover 
Acer floridanum T -- -- -- -- -- -- -- -- -- -- 13% 1 -- -- 
Acer negundo var. negundo T -- -- -- -- 40% 4 -- -- 33% 4 38% 6 33% 1 
Acer rubrum T 50% 4 100% 6 100% 7 100% 6 100% 6 38% 5 50% 4 
Betula nigra T 50% 1 75% 2 -- -- -- -- 17% 5 63% 5 67% 6 
Carya aquatica T 25% 2 -- -- -- -- 60% 4 33% 5 88% 7 100% 7 
Carya cordiformis T -- -- -- -- 40% 1 40% 2 -- -- 13% 1 -- -- 
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Celtis laevigata T 50% 1 -- -- 60% 2 60% 1 83% 3 75% 3 50% 2 
Diospyros virginiana T -- -- -- -- -- -- 60% 4 17% 2 13% 1 17% 1 
Fraxinus caroliniana T 50% 2 100% 6 60% 5 -- -- -- -- 38% 6 17% 7 
Fraxinus pennsylvanica T 25% 2 25% 5 20% 7 80% 3 100% 6 88% 6 100% 4 
Ilex opaca T 25% 1 -- -- 40% 2 20% 1 17% 1 -- -- 17% 3 
Liquidambar styraciflua T 25% 1 25% 2 100% 6 100% 5 100% 6 50% 2 83% 4 
Nyssa aquatica T 50% 8 100% 8 -- -- -- -- 33% 7 -- -- 33% 6 
Nyssa biflora T 25% 3 50% 2 80% 6 40% 6 -- -- 13% 4 -- -- 
Platanus occidentalis T 25% 2 -- -- 40% 4 -- -- 33% 6 63% 6 50% 3 
Quercus laurifolia T -- -- 25% 2 60% 5 20% 3 50% 5 -- -- 33% 6 
Quercus lyrata T -- -- 75% 2 20% 2 60% 7 67% 6 63% 5 67% 6 
Quercus michauxii T -- -- -- -- -- -- 20% 3 17% 1 -- -- -- -- 
Quercus pagoda T -- -- -- -- 20% 1 40% 5 -- -- 13% 1 -- -- 
Quercus phellos T -- -- -- -- 20% 2 80% 5 -- -- -- -- -- -- 
Salix nigra T -- -- -- -- 20% 4 20% 3 -- -- -- -- -- -- 
Taxodium distichum T 100% 8 100% 5 100% 7 40% 6 67% 6 100% 7 100% 6 
Ulmus alata T 25% 1 -- -- 40% 2 100% 3 67% 2 38% 2 -- -- 
Ulmus americana T 25% 4 50% 3 60% 5 80% 4 67% 6 63% 3 100% 6 
taxon name stratum const. cover const. cover const. cover const. cover const. cover const. cover const. cover 
Bignonia capreolata V -- -- -- -- 40% 2 40% 2 17% 3 -- -- 67% 2 
Campsis radicans V 25% 1 50% 1 100% 3 100% 2 100% 2 100% 3 100% 4 
Lonicera japonica* V -- -- -- -- 20% 2 40% 3 -- -- 13% 1 -- -- 
Parthenocissus quinquefolia V -- -- 25% 1 80% 3 80% 2 83% 2 25% 2 -- -- 
Rubus group 1
1
 V 25% 2 25% 1 80% 4 60% 2 33% 2 13% 2 -- -- 
Smilax bona-nox V 25% 1 -- -- 60% 2 80% 2 67% 2 25% 2 67% 4 
Smilax hispida V 25% 2 50% 2 -- -- 20% 2 33% 3 75% 2 83% 3 
Smilax rotundifolia V -- -- 25% 2 100% 3 100% 3 100% 2 88% 5 100% 6 
Smilax walteri V -- -- 75% 3 60% 4 -- -- 33% 2 -- -- 17% 1 
Toxicodendron radicans V 50% 1 75% 2 100% 3 100% 3 83% 3 100% 4 83% 5 
Trachelospermum difforme V 25% 1 -- -- -- -- 60% 2 17% 1 50% 2 83% 5 
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Vitis rotundifolia V 25% 1 -- -- 80% 2 60% 3 83% 2 38% 2 50% 2 
taxon name stratum const. cover const. cover const. cover const. cover const. cover const. cover const. cover 
Aesculus sylvatica S  -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Asimina triloba S -- -- -- -- -- -- -- -- 17% 1 13% 1 -- -- 
Carpinus caroliniana S -- -- 75% 2 80% 4 60% 6 50% 5 38% 3 50% 6 
Crataegus viridis S -- -- 50% 4 20% 1 80% 2 50% 4 88% 5 67% 5 
Hibiscus laevis S 50% 4 25% 2 -- -- -- -- 17% 1 63% 2 50% 1 
Ilex decidua S -- -- 100% 2 80% 2 60% 4 83% 6 100% 4 100% 4 
Itea virginica S 25% 1 100% 2 80% 3 -- -- 17% 1 -- -- 33% 1 
Ligustrum sinense* S -- -- 25% 1 20% 2 20% 2 33% 1 13% 3 -- -- 
Lindera benzoin S -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
taxon name stratum const. cover const. cover const. cover const. cover const. cover const. cover const. cover 
Alternanthera philoxeroides* H 50% 4 25% 1 -- -- -- -- -- -- 63% 2 50% 2 
Arundinaria tecta H -- -- -- -- -- -- 60% 3 17% 2 -- -- -- -- 
Boehmeria cylindrica H 50% 2 100% 2 100% 3 60% 2 33% 2 75% 2 67% 2 
Carex abscondita H -- -- -- -- 20% 2 40% 2 17% 1 -- -- 17% 2 
Carex bromoides H -- -- 25% 1 60% 4 80% 2 17% 1 -- -- -- -- 
Carex crebriflora H -- -- -- -- -- -- 40% 4 -- -- -- -- 17% 1 
Carex grayi H -- -- -- -- 40% 5 20% 2 67% 4 13% 6 -- -- 
Carex intumescens H -- -- 25% 2 60% 4 -- -- 17% 2 -- -- 33% 2 
Carex louisianica H 50% 3 50% 2 20% 2 80% 3 50% 2 88% 4 67% 4 
Carex lupulina H -- -- 50% 2 60% 5 -- -- 17% 2 13% 2 17% 1 
Carex tribuloides H -- -- 50% 2 -- -- 100% 3 33% 2 50% 2 17% 2 
Carex typhina H 50% 2 25% 1 60% 2 -- -- 67% 2 75% 5 100% 2 
Chasmanthium latifolium H -- -- -- -- -- -- -- -- -- -- 13% 2 33% 2 
Commelina virginica H -- -- 75% 2 20% 2 40% 2 33% 2 50% 2 17% 2 
Dicliptera brachiata  H -- -- -- -- -- -- -- -- -- -- 25% 1 -- -- 
Elymus virginicus H -- -- 25% 3 20% 1 -- -- -- -- 25% 2 17% 2 
Laportea canadensis H -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Leersia virginica H 50% 2 -- -- -- -- -- -- -- -- 38% 5 50% 2 
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Microstegium vimineum* H -- -- -- -- 80% 2 60% 3 17% 2 25% 2 -- -- 
Murdannia keisak* H 25% 1 75% 2 60% 2 20% 4 -- -- 75% 2 17% 2 
Peltandra virginica H -- -- 50% 2 80% 3 20% 1 -- -- 13% 2 -- -- 
Persicaria [punctata+hydropiper] H 25% 2 -- -- -- -- 40% 2 -- -- 25% 2 -- -- 
Rumex conglomeratus H -- -- -- -- -- -- -- -- -- -- 25% 2 17% 1 
Saururus cernuus H 75% 2 100% 6 100% 6 60% 2 33% 2 88% 3 83% 6 
Stellaria [media+pubera] H -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Symphyotrichum group 1
2
 H 25% 1 100% 2 20% 2 80% 2 33% 1 63% 5 83% 2 
Triadenum walteri H 100% 2 50% 2 100% 3 20% 2 33% 1 -- -- 17% 1 
Viola group 1
3
 H -- -- 50% 2 40% 2 60% 2 33% 1 88% 2 100% 4 
1
All Rubus species lumped to Genus 
              2[lanceolatum + lateriflorum + racemosum] 
             
3
All Viola species lumped to 
Genus 
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Appendix 3b. Prevalent species in vegetation types IV-VI by stratum 
 
Species shown are prevalent in at least one group and also have >50% constancy and an 
average cover class of >2 (i.e. >1% cover) in at least one group (see text for definition of 
each metric). Constancy and average cover are in bold where a species is prevalent. Species 
are only listed in the stratum in which the adult life form is present. Non-native species are 
identified with an *. 
  
IV. Sand and 
Mud Bars 
V. Oak 
Bottomland
s 
VI. Levee Forest 
Groups IV V VIa VIb 
Group Plot Count 6 14 6 6 
Avg Plot Spp Richness (1m
2
) 9.6 7.0 9.0 6.9 
Avg Plot Spp Richness (10m2) 17.8 17.8 17.2 14.2 
Avg Plot Spp Richness (100m2) 33.9 35.4 32.0 28.3 
Avg Plot Spp Richness (400m2) 52.2 53.9 49.4 42.0 
Group homoteneity 66% 66% 69% 71% 
Mean wetland rank 1.98 3.03 2.90 2.53 
Cation exchange capacity 12.34 14.98 20.68 17.98 
% Sand 66.03 33.17 28.12 29.89 
% Clay 13.14 20.66 23.48 22.92 
taxon name stratum const. cover const. cover const. cover const. cover 
Acer floridanum T -- -- 57% 6 67% 4 50% 3 
Acer negundo var. negundo T 83% 5 79% 3 100% 7 100% 7 
Acer rubrum T 17% 1 86% 5 17% 1 17% 2 
Betula nigra T 83% 7 14% 2 -- -- 33% 4 
Carya aquatica T 83% 5 7% 6 -- -- 17% 3 
Carya cordiformis T -- -- 100% 6 83% 6 100% 2 
Celtis laevigata T 83% 2 93% 5 100% 6 100% 6 
Diospyros virginiana T 17% 4 57% 2 -- -- 17% 3 
Fraxinus caroliniana T 17% 4 -- -- -- -- -- -- 
Fraxinus pennsylvanica T 100% 6 93% 4 67% 2 100% 7 
Ilex opaca T -- -- 93% 5 33% 2 33% 1 
Liquidambar styraciflua T 17% 2 100% 6 50% 6 67% 5 
Nyssa aquatica T -- -- 7% 1 -- -- -- -- 
Nyssa biflora T -- -- -- -- -- -- -- -- 
Platanus occidentalis T 83% 4 29% 5 67% 7 67% 6 
Quercus laurifolia T -- -- 7% 4 -- -- 17% 2 
Quercus lyrata T 17% 1 -- -- -- -- 17% 2 
Quercus michauxii T -- -- 64% 5 -- -- 17% 1 
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Quercus pagoda T 17% 1 86% 6 -- -- 17% 5 
Quercus phellos T -- -- 36% 6 -- -- -- -- 
Salix nigra T 83% 6 -- -- -- -- -- -- 
Taxodium distichum T 100% 2 14% 1 -- -- 33% 5 
Ulmus alata T 83% 2 100% 6 50% 3 67% 4 
Ulmus americana T 33% 3 64% 5 67% 6 67% 6 
taxon name stratum const. cover const. cover const. cover const. cover 
Bignonia capreolata V 17% 1 100% 2 100% 3 67% 3 
Campsis radicans V 50% 2 71% 2 83% 3 50% 2 
Lonicera japonica * V 17% 1 93% 2 83% 3 83% 4 
Parthenocissus quinquefolia V 17% 1 100% 3 100% 3 100% 2 
Rubus group 1
1
 V 17% 1 71% 2 17% 1 50% 3 
Smilax bona-nox V 17% 2 93% 2 83% 2 100% 2 
Smilax hispida V 33% 4 57% 2 67% 2 100% 3 
Smilax rotundifolia V 17% 2 93% 3 50% 2 67% 3 
Smilax walteri V -- -- 7% 1 17% 2 -- -- 
Toxicodendron radicans V 33% 4 100% 4 100% 3 100% 5 
Trachelospermum difforme V -- -- 50% 2 -- -- 33% 2 
Vitis rotundifolia V 33% 1 93% 5 17% 2 50% 2 
taxon name stratum const. cover const. cover const. cover const. cover 
Aesculus sylvatica S  -- -- 36% 6 83% 6 17% 2 
Asimina triloba S -- -- 86% 3 83% 5 17% 5 
Carpinus caroliniana S 33% 1 93% 6 33% 6 33% 5 
Crataegus viridis S 33% 2 29% 4 -- -- 50% 2 
Hibiscus laevis S 100% 4 -- -- -- -- -- -- 
Ilex decidua S 50% 3 79% 5 67% 3 83% 4 
Itea virginica S -- -- 14% 1 -- -- -- -- 
Ligustrum sinense * S 17% 1 93% 2 100% 6 100% 4 
Lindera benzoin S -- -- 50% 2 100% 4 33% 4 
taxon name stratum const. cover const. cover const. cover const. cover 
Alternanthera philoxeroides * H 100% 7 -- -- -- -- -- -- 
Arundinaria tecta H -- -- 57% 4 50% 5 17% 2 
Boehmeria cylindrica H 100% 3 43% 2 -- -- 83% 2 
Carex abscondita H -- -- 79% 6 67% 2 50% 1 
Carex bromoides H -- -- 7% 2 -- -- 17% 2 
Carex crebriflora H 17% 1 57% 2 33% 6 67% 4 
Carex grayi H 17% 1 29% 2 83% 5 100% 6 
Carex intumescens H -- -- 14% 2 -- -- -- -- 
Carex louisianica H 67% 6 36% 3 -- -- 33% 2 
Carex lupulina H 83% 3 7% 1 -- -- 17% 2 
Carex tribuloides H 67% 5 21% 2 -- -- 17% 2 
Carex typhina H 100% 4 21% 2 17% 1 17% 1 
Chasmanthium latifolium H 33% 4 14% 2 17% 2 100% 4 
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Commelina virginica H 83% 3 -- -- -- -- 50% 2 
Dicliptera brachiata H 33% 3 7% 1 33% 2 83% 3 
Elymus virginicus H 50% 2 36% 3 83% 4 100% 4 
Laportea canadensis H -- -- -- -- 100% 4 50% 4 
Leersia virginica H 67% 6 43% 2 17% 1 67% 2 
Microstegium vimineum * H 100% 4 71% 2 67% 3 83% 6 
Murdannia keisak * H 100% 4 7% 1 -- -- 17% 1 
Peltandra virginica H 83% 2 -- -- -- -- -- -- 
Persicaria [punctata+hydropiper] H 67% 3 7% 1 -- -- 17% 1 
Rumex conglomeratus H 67% 3 -- -- -- -- 17% 2 
Saururus cernuus H 100% 5 14% 1 17% 2 50% 3 
Stellaria [media+pubera] H -- -- -- -- 67% 3 17% 1 
Symphyotrichum group 1
2
 H 83% 3 43% 2 17% 1 83% 2 
Triadenum walteri H -- -- 7% 2 -- -- -- -- 
Viola group 1
3
 H 67% 2 86% 2 83% 2 83% 2 
1
All Rubus species lumped to Genus 
         2[lanceolatum + lateriflorum + racemosum] 
        3All Viola species lumped to Genus 
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Appendix 4. Means and standard errors (±SE) of soil variables by 
vegetation type 
 
Soil samples collected from A horizon. Texture variables (sand, silt, and clay) are reported as 
%, and all nutrients (P, Ca, Mg, K, Na, B, Fe, Mn, Cu, Zn, and Al)  are reported in ppm. 
Group I  II  III  IV IV VI  
  Ia. Ib. IIa. IIb. IIc. IIIa. IIIb. IV V VIa. VIb. 
Clay 44.10 24.86 27.00 43.76 44.58 27.10 30.21 13.14 20.66 23.48 22.92 
±SE 8.19 5.87 6.49 4.94 4.09 5.14 3.89 2.34 2.58 3.62 4.41 
Silt 40.90 39.59 40.98 33.41 43.94 36.80 35.61 20.83 46.18 48.40 47.19 
±SE 2.34 1.85 7.69 3.07 5.07 4.55 2.74 3.87 2.85 4.72 5.33 
Sand 15.00 35.56 32.02 22.83 11.48 36.11 34.18 66.03 33.17 28.12 29.89 
±SE 5.94 7.13 13.50 2.54 1.76 9.30 6.48 5.78 3.38 8.08 6.87 
OM 9.60 14.96 12.56 6.77 5.99 4.12 5.08 3.38 6.10 6.27 5.58 
±SE 4.23 3.53 3.03 0.61 0.28 0.66 0.47 0.61 0.38 0.88 0.41 
pH 4.97 5.10 4.70 4.50 4.65 4.63 4.35 4.53 4.71 5.15 4.48 
±SE 0.15 0.18 0.32 0.07 0.08 0.11 0.04 0.07 0.09 0.13 0.05 
exCap 14.22 15.72 9.10 16.04 15.82 13.47 14.82 12.34 14.98 20.68 17.98 
±SE 2.05 0.76 0.96 1.66 1.44 1.66 0.90 1.16 1.53 1.73 0.85 
baseSat 47.60 51.79 42.95 35.94 39.76 39.24 33.12 36.64 41.87 52.69 35.73 
±SE 3.71 4.85 7.89 1.47 2.05 2.63 0.96 1.67 2.46 3.85 1.19 
P 107.0 147.3 45.80 33.20 55.17 96.13 110.2 78.33 18.50 44.17 113.3 
±SE 18.99 22.75 7.19 9.30 4.13 12.20 7.87 6.27 1.81 11.03 13.51 
Ca 930.3 1204 562.0 774.4 874.2 680.3 665.2 660.3 942.4 1708. 946.0 
±SE 160.6 183.42 159.5 58.10 98.33 79.03 41.37 55.63 160.9 225.9 36.57 
Mg 163.0 186.00 90.60 179.6 178.7 144.3 145.0 104.8 184.8 273.2 165.5 
±SE 17.80 18.81 12.81 30.70 20.16 17.54 11.95 7.16 21.94 32.27 16.96 
K 110.7 105.00 40.60 76.40 78.00 72.88 81.33 46.83 60.64 65.83 57.00 
±SE 9.71 8.84 4.66 6.02 8.06 8.54 7.06 5.23 3.91 10.79 3.06 
Na 40.67 68.75 40.40 34.00 36.33 33.13 34.50 28.33 23.93 27.00 25.33 
±SE 1.44 10.03 5.56 3.16 1.73 2.69 2.12 1.39 0.91 3.75 1.41 
B 0.41 0.43 0.50 0.27 0.42 0.30 0.29 0.33 0.37 0.62 0.29 
±SE 0.04 0.07 0.05 0.02 0.06 0.02 0.01 0.05 0.05 0.07 0.03 
Fe 470.6 518.25 419.8 320.4 370.7 432.2 393.3 466.0 212.6 232.7 416.5 
±SE 4.23 36.29 52.71 43.90 19.49 11.50 24.43 26.30 14.40 23.99 40.61 
Mn 61.00 45.50 21.80 138.8 91.67 108.9 71.17 155.3 210.5 117.3 115.7 
±SE 5.89 18.55 3.69 3915 27.50 14.84 12.88 15.81 25.15 17.29 15.24 
Cu 2.56 1.27 1.61 2.28 2.78 2.38 2.32 1.77 2.08 3.17 2.70 
±SE 0.25 0.28 0.40 0.32 0.13 0.32 0.28 0.21 0.16 0.44 0.33 
Zn 5.14 7.42 10.00 4.08 7.76 9.24 5.66 12.08 6.36 17.47 15.79 
±SE 2.32 1.72 2.82 0.59 1.48 2.01 0.59 1.52 1.02 3.59 1.08 
Al 1140 920 808. 1077 995.5 781.8 980.5 520.8 755.2 516.7 728.8 
±SE 23.48 60.10 114.2 33.76 37.66 85.04 46.62 53.31 45.58 33.40 39.63 
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Density 0.75 0.70 0.69 0.78 0.77 0.90 0.84 0.94 0.80 0.82 0.78 
±SE 0.07 0.05 0.13 0.02 0.02 0.05 0.04 0.04 0.02 0.04 0.03 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Appendix 5a. Average constancy and basal area of woody vegetation in vegetation types I-III 
 
(BA=m2/ha). Species list includes species with >25% constancy in at least one group. Non-native species are identified with an *. 
  
I. Cypress-Gum Swamp Forest II. Red Maple Flats 
III. Water Hickory Swamp 
Forest 
Groups Ia. Ib. IIa.  IIb.  IIIc.  IIIa. IIIb.  
Group Plot Count  4 4 5 5 6 8 6 
taxon name 
const. 
avg. 
BA 
const. 
avg. 
BA 
const. 
avg. 
BA 
const. 
avg. 
BA 
const. 
avg. 
BA 
const. 
avg. 
BA 
const. 
avg. 
BA 
Acer floridanum -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Acer negundo var. negundo -- -- -- -- 40% 0.23 -- -- 17% 0.84 25% 2.26 -- -- 
Acer rubrum 50% 1.58 100% 6.67 100% 8.03 100% 6.51 100% 4.97 13% 1.28 50% 2.63 
Aesculus sylvatica -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Ampelopsis arborea -- -- -- -- 40% 0.00 -- -- -- -- -- -- 17% 0.00 
Arundinaria tecta -- -- -- -- -- -- 20% 0.00 -- -- -- -- -- -- 
Asimina triloba -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Berchemia scandens -- -- -- -- 20% 0.00 -- -- 17% 0.04 -- -- 17% 0.13 
Betula nigra -- -- 25% 0.05 -- -- -- -- 17% 2.32 63% 2.13 50% 5.30 
Bignonia capreolata -- -- -- -- 40% 0.00 20% 0.00 17% 0.11 -- -- 17% 0.00 
Campsis radicans -- -- 25% 0.00 80% 0.10 80% 0.12 100% 0.05 88% 0.11 83% 0.82 
Carpinus caroliniana  -- -- 25% 0.09 80% 0.50 60% 2.67 33% 1.89 13% 0.24 33% 2.57 
Carya alba -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Carya aquatica -- -- -- -- -- -- 60% 2.14 33% 1.80 50% 12.04 67% 36.41 
Carya cordiformis -- -- -- -- -- -- 20% 0.12 -- -- -- -- -- -- 
Carya  -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Celtis laevigata -- -- -- -- 20% 0.00 -- -- 33% 2.20 13% 1.64 -- -- 
Cephalanthus occidentalis 25% 0.12 25% 0.02 -- -- -- -- -- -- -- -- -- -- 
Crataegus viridis -- -- 50% 0.02 -- -- 20% 0.13 50% 0.24 50% 1.40 50% 1.15 
Crataegus marshallii -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Fagus grandifolia -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
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Fraxinus caroliniana 25% 0.03 100% 2.05 60% 0.61 -- -- -- -- 38% 6.65 17% 11.10 
Fraxinus pennsylvanica 25% 1.13 25% 1.63 20% 5.63 60% 1.91 83% 9.68 63% 7.22 83% 3.93 
Hibiscus laevis 25% 95.02 -- -- -- -- -- -- -- -- -- -- 17% 0.00 
Ilex decidua -- -- 25% 0.02 80% 0.01 60% 0.40 67% 1.18 75% 0.34 83% 0.63 
Ilex opaca var. opaca -- -- -- -- 20% 0.00 20% 0.12 -- -- -- -- 17% 0.12 
Itea virginica -- -- 75% 0.00 40% 0.00 -- -- -- -- -- -- -- -- 
Juglans nigra -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Ligustrum sinense* -- -- -- -- -- -- 20% 0.00 -- -- 13% 0.04 -- -- 
Lindera benzoin -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Liquidambar styraciflua -- -- 25% 0.04 100% 4.04 60% 5.90 100% 14.58 13% 0.40 50% 2.10 
Lonicera japonica* -- -- -- -- -- -- 20% 0.00 -- -- -- -- -- -- 
Mikania scandens -- -- 25% 0.00 -- -- -- -- -- -- -- -- -- -- 
Morus rubra -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Nyssa aquatica 50% 50.07 100% 82.21 -- -- -- -- 33% 12.17 -- -- 17% 8.74 
Nyssa biflora 25% 1.23 25% 0.17 80% 4.25 40% 4.44 -- -- -- -- -- -- 
Parthenocissus quinquefolia -- -- -- -- 20% 0.11 40% 0.00 33% 0.00 13% 0.00 -- -- 
Pinus taeda -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Platanus occidentalis 25% 0.05 -- -- 40% 1.50 -- -- 33% 9.16 50% 13.55 -- -- 
Populus deltoides -- -- -- -- -- -- -- -- 17% 1.50 -- -- -- -- 
Populus heterophylla -- -- 25% 0.00 40% 0.25 20% 0.40 17% 2.08 13% 3.76 -- -- 
Quercus alba -- -- -- -- -- -- -- --     -- -- -- -- 
Quercus laurifolia -- -- -- -- 20% 1.03 20% 0.09 33% 1.31 -- -- 17% 10.01 
Quercus lyrata -- -- 25% 3.32 20% 0.00 80% 11.38 67% 10.53 38% 7.88 50% 7.16 
Quercus michauxii -- -- -- -- -- -- 20% 0.04 -- -- -- -- -- -- 
Quercus pagoda -- -- -- -- -- -- 20% 6.58 -- -- -- -- -- -- 
Quercus phellos -- -- -- -- -- -- 60% 10.51 -- -- -- -- -- -- 
Rubus group 1
1
 25% 0.00 -- -- 20% 0.04 -- -- -- -- -- -- -- -- 
Salix nigra -- -- -- -- 20% 0.11 -- -- -- -- -- -- -- -- 
Smilax bona-nox 25% 0.00 -- -- 20% 0.00 20% 0.00 17% 0.00 -- -- 67% 0.00 
Smilax hispida 25% 0.00 25% 0.00 -- -- -- -- 17% 0.00 25% 0.00 17% 0.00 
Smilax rotundifolia -- -- 25% 0.00 80% 0.01 80% 0.01 100% 0.01 63% 0.02 67% 0.02 
Smilax smallii -- -- 25% 0.03 -- -- -- -- -- -- -- -- -- -- 
Smilax walteri -- -- 25% 0.00 40% 0.01 -- -- -- -- -- -- -- -- 
Taxodium distichum 100% 108.93 100% 8.55 100% 29.76 40% 9.89 67% 22.73 100% 55.90 50% 18.06 
Toxicodendron radicans -- -- 100% 0.00 80% 0.24 100% 0.09 50% 0.21 63% 0.35 67% 0.15 
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Trachelospermum difforme -- -- -- -- -- -- -- -- -- -- 13% 0.01 67% 0.01 
Ulmus alata -- -- -- -- 20% 0.09 20% 0.36 33% 0.57 -- -- -- -- 
Ulmus americana 25% 0.12 50% 0.65 60% 0.54 80% 1.15 67% 2.90 13% 6.36 83% 6.59 
Ulmus rubra -- -- -- -- -- -- -- -- 17% 2.08 13% 0.00 -- -- 
Viburnum prunifolium -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Vitis cinerea -- -- -- -- -- -- 20% 0.01 -- -- -- -- 50% 0.16 
Vitis riparia -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Vitis rotundifolia -- -- -- -- 20% 0.01 60% 0.05 33% 0.02 13% 0.02 17% 0.00 
1
All Rubus species lumped to Genus 
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Appendix 5b. Average constancy and basal area of woody vegetation 
in vegetation types IV-VI 
 
(BA=m2/ha). Species list includes species with >25% constancy in at least one group. Non-
native species are identified with an *. 
  
IV. Sand and 
Mud Bars 
V. Oak 
Bottomlands 
VI. Levee Forest 
Groups     VIa.  VIb. 
Group Plot Count  6 14 6 6 
taxon name 
const. 
avg. 
BA 
const. 
avg. 
BA 
const. 
avg. 
BA 
const. 
avg. 
BA 
Acer floridanum -- -- 50% 0.89 50% 0.12 17% 0.36 
Acer negundo var. negundo 50% 0.32 36% 0.26 100% 5.35 100% 4.36 
Acer rubrum -- -- 71% 1.88 -- -- 17% 0.04 
Aesculus sylvatica -- -- 29% 0.81 67% 1.10 17% 0.03 
Ampelopsis arborea -- -- -- -- -- -- -- -- 
Arundinaria tecta -- -- 36% 0.01 33% 0.03 17% 0.00 
Asimina triloba -- -- 57% 0.07 83% 0.37 17% 0.10 
Berchemia scandens -- -- 21% 0.08 -- -- 33% 0.24 
Betula nigra 83% 16.29 7% 0.25 -- -- 33% 2.18 
Bignonia capreolata -- -- 79% 0.01 67% 0.02 67% 0.01 
Campsis radicans 17% 0.00 50% 0.03 83% 0.09 33% 0.14 
Carpinus caroliniana  -- -- 100% 1.31 33% 1.01 17% 0.37 
Carya alba -- -- 29% 1.09 -- -- -- -- 
Carya aquatica 50% 0.71 7% 1.93 -- -- 33% 1.70 
Carya cordiformis -- -- 93% 3.17 50% 4.29 17% 0.83 
Carya ovate -- -- 29% 0.51 -- -- -- -- 
Celtis laevigata -- -- 50% 2.38 100% 7.37 100% 7.44 
Cephalanthus occidentalis 17% 0.03 -- -- -- -- -- -- 
Crataegus viridis 17% 0.31 29% 1.39 -- -- 33% 0.03 
Crataegus marshallii -- -- 29% 0.01 -- -- -- -- 
Fagus grandifolia -- -- 43% 1.46 33% 0.08 -- -- 
Fraxinus caroliniana 17% 0.91 -- -- -- -- -- -- 
Fraxinus pennsylvanica 67% 3.46 64% 0.66 33% 0.25 100% 17.20 
Hibiscus laevis 67% 0.01 -- -- -- -- -- -- 
Ilex decidua 50% 0.05 50% 0.35 50% 0.08 67% 0.48 
Ilex opaca var. opaca -- -- 71% 0.42 17% 0.29 -- -- 
Itea virginica -- -- -- -- -- -- -- -- 
Juglans nigra -- -- 7% 4.67 33% 3.34 -- -- 
Ligustrum sinense* -- -- 36% 0.03 100% 0.92 50% 0.15 
Lindera benzoin -- -- 14% 0.00 83% 0.28 17% 0.01 
Liquidambar styraciflua 17% 0.00 100% 9.40 67% 6.52 67% 3.48 
Lonicera japonica* -- -- 43% 0.04 67% 0.04 17% 0.08 
Mikania scandens -- -- -- -- -- -- -- -- 
99 
 
Morus rubra 17% 0.50 50% 0.16 17% 0.16 17% 0.59 
Nyssa aquatica -- -- -- -- -- -- -- -- 
Nyssa biflora -- -- -- -- -- -- -- -- 
Parthenocissus quinquefolia -- -- 86% 0.04 100% 0.03 67% 0.10 
Pinus taeda -- -- 29% 7.81 -- -- -- -- 
Platanus occidentalis 33% 3.43 21% 1.87 67% 18.40 67% 7.27 
Populus deltoides -- -- -- -- 50% 36.29 -- -- 
Populus heterophylla -- -- -- -- -- -- -- -- 
Quercus alba -- -- 29% 5.32 -- -- -- -- 
Quercus laurifolia -- -- 7% 0.68 -- -- 17% 0.21 
Quercus lyrata -- -- -- -- -- -- 17% 0.15 
Quercus michauxii -- -- 43% 0.88 -- -- -- -- 
Quercus pagoda -- -- 71% 9.40 -- -- -- -- 
Quercus phellos -- -- 29% 3.22 -- -- -- -- 
Rubus group 1
1
 -- -- -- -- -- -- -- -- 
Salix nigra 67% 9.62 -- -- -- -- -- -- 
Smilax bona-nox -- -- 36% 0.00 50% 0.00 67% 0.00 
Smilax hispida 33% 0.02 14% 0.00 33% 0.00 33% 0.02 
Smilax rotundifolia 17% 0.01 79% 0.01 50% 0.00 83% 0.02 
Smilax smallii -- -- 29% 0.00 17% 0.00 -- -- 
Smilax walteri -- -- -- -- -- -- -- -- 
Taxodium distichum 17% 1.38 -- -- -- -- 33% 7.81 
Toxicodendron radicans 17% 0.02 100% 0.09 67% 0.09 100% 0.57 
Trachelospermum difforme -- -- 7% 0.00 -- -- 17% 0.00 
Ulmus alata -- -- 93% 1.73 17% 0.04 33% 1.14 
Ulmus americana -- -- 57% 1.03 67% 2.17 83% 2.60 
Ulmus rubra -- -- 50% 0.72 17% 0.53 17% 7.43 
Viburnum prunifolium -- -- 43% 0.04 -- -- -- -- 
Vitis cinerea 50% 0.30 21% 0.03 -- -- -- -- 
Vitis riparia -- -- 14% 0.76 -- -- 33% 0.36 
Vitis rotundifolia -- -- 93% 0.21 33% 0.03 50% 0.07 
1
All Rubus species lumped to Genus 
        
 
 
 
 
 
 
 
 
  
Appendix 6. Floristic summary of two Cypress-Gum Swamp Forest types 
Average cover by strata, constancy (const.), fidelity, diagnostic value, and indicator value (IndVal) of prevalent species shown. 
Prevalence is calculated separately for each stratum, and species must be prevalent in at least one type to be included in table (see text 
for definition of terms and calculation of metrics).  Species may be in the table more than once as they receive cover in every stratum 
in which they were observed. Indicator values are expressed once in the adult life form stratum of each species when possible. Non-
native species are identified by an *. 
Group Name   Ia Ib 
Group Plot Count   4 4 
Avg Plot Spp Richness (1m2)   2.2 2.8 
Avg Plot Spp Richness (10m2)   5.4 7.5 
Avg Plot Spp Richness (100m2)   15.9 18.8 
Avg Plot Spp Richness (400m2)   24.0 31.0 
Group homoteneity   54% 67% 
taxon name stratum const. cover fidelity DV IndVal const. cover fidelity DV IndVal 
Acer rubrum T 50% 5 7% 3% -- 100% 6 13% 13% -- 
Fraxinus caroliniana T -- -- -- -- -- 50% 2 40% 20% -- 
Fraxinus pennsylvanica T 25% 4 3% 1% -- 25% 5 3% 1% -- 
Nyssa aquatica T 50% 8 20% 10% -- 100% 9 40% 40% 62.7 
Nyssa biflora T -- -- -- -- -- 50% 2 22% 11% -- 
Taxodium distichum T 100% 8 12% 12% 31.7 100% 5 12% 12% -- 
Tillandsia usneoides T 50% 2 13% 7% -- 75% 2 20% 15% -- 
taxon name stratum const. cover fidelity DV IndVal const. cover fidelity DV IndVal 
Acer rubrum S 25% 4 3% 1% -- 75% 5 9% 7% -- 
Betula nigra S 25% 3 9% 2% -- 50% 3 18% 9% -- 
Carpinus caroliniana S -- -- -- -- -- 50% 4 6% 3% -- 
Cephalanthus occidentalis S 25% 4 25% 6% -- 25% 1 25% 6% -- 
1
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Crataegus viridis S -- -- -- -- -- 50% 4 9% 4% -- 
Fraxinus caroliniana S 50% 2 14% 7% -- 100% 7 29% 29% 52.2 
Fraxinus pennsylvanica S 25% 4 4% 1% -- 25% 2 4% 1% -- 
Ilex decidua S -- -- -- -- -- 100% 2 9% 9% -- 
Itea virginica S 25% 1 14% 4% -- 100% 2 57% 57% -- 
Nyssa aquatica S -- -- -- -- -- 50% 2 100% 50% -- 
Nyssa biflora S 25% 3 50% 13% -- -- -- -- -- -- 
Platanus occidentalis S 25% 4 25% 6% -- -- -- -- -- -- 
Quercus lyrata S -- -- -- -- -- 50% 3 18% 9% -- 
Smilax walteri S -- -- -- -- -- 75% 2 50% 38% 32.2 
Taxodium distichum S 25% 2 13% 3% -- 50% 2 25% 13% -- 
Tillandsia usneoides S -- -- -- -- -- 50% 2 33% 17% -- 
Toxicodendron radicans  S -- -- -- -- -- 75% 2 7% 5% -- 
Ulmus americana S 25% 2 5% 1% -- 50% 3 10% 5% -- 
taxon name stratum const. cover fidelity DV IndVal const. cover fidelity DV IndVal 
Alternanthera philoxeroides H 50% 4 12% 6% -- 25% 1 6% 1% -- 
Ampelopsis arborea H 25% 2 8% 2% -- 50% 2 17% 8% -- 
Bidens frondosa H 100% 2 18% 18% 43.9 -- -- -- -- -- 
Boehmeria cylindrica H 50% 2 5% 2% -- 100% 2 9% 9% -- 
Campsis radicans H 25% 1 2% 0% -- 50% 2 4% 2% -- 
Carex gigantea H -- -- -- -- -- 75% 2 33% 25% -- 
Carex louisianica H 50% 3 6% 3% -- 50% 2 6% 3% -- 
Carex lupulina H -- -- -- -- -- 50% 2 13% 7% -- 
Carex tribuloides H -- -- -- -- -- 50% 2 9% 5% -- 
Carex typhina H 50% 2 6% 3% -- 25% 2 3% 1% -- 
Celtis laevigata H 50% 1 4% 2% -- -- -- -- -- -- 
Commelina virginica H -- -- -- -- -- 75% 2 14% 11% -- 
Echinodorus cordifolius H 25% 2 33% 8% -- 50% 2 67% 33% -- 
Fraxinus caroliniana H 25% 1 14% 4% -- 50% 2 29% 14% -- 
1
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Habenaria repens H -- -- -- -- -- 50% 2 100% 50% -- 
Hibiscus laevis H 50% 2 11% 6% -- 25% 2 6% 1% -- 
Hydrocotyle group 1
1
 H -- -- -- -- -- 75% 2 38% 28% 39 
Itea virginica H -- -- -- -- -- 75% 2 25% 19% -- 
Leersia oryzoides H -- -- -- -- -- 75% 2 23% 17% -- 
Leersia virginica H 50% 3 9% 4% -- -- -- -- -- -- 
Lycopus virginicus H 50% 2 13% 6% -- 75% 2 19% 14% -- 
Murdannia keisak * H 25% 2 4% 1% -- 75% 2 13% 10% -- 
Nyssa aquatica H -- -- -- -- -- 50% 2 40% 20% -- 
Panicum group 1
2
 H 25% 3 20% 5% -- -- -- -- -- -- 
Peltandra virginica H -- -- -- -- -- 50% 2 15% 8% -- 
Pilea pumila H 75% 2 27% 20% 40.3 -- -- -- -- -- 
Quercus lyrata H -- -- -- -- -- 75% 2 25% 19% -- 
Saururus cernuus H 75% 2 8% 6% -- 100% 6 10% 10% -- 
Smilax walteri H -- -- -- -- -- 75% 3 27% 20% -- 
Styrax americanus H -- -- -- -- -- 50% 2 100% 50% -- 
Symphyotrichum group 1
3
 H 25% 2 3% 1% -- 100% 2 10% 10% -- 
Taxodium distichum H 25% 2 3% 1% -- 75% 2 9% 7% -- 
Toxicodendron radicans  H 50% 1 3% 2% -- 50% 2 3% 2% -- 
Triadenum walteri H 100% 2 25% 25% -- 50% 2 13% 6% -- 
Viola group 1
4
 H -- -- -- -- -- 50% 2 4% 2% -- 
1
[prolifera+subverticillata+umbellata] 
           2All Panicum species lumped to Genus 
           3[lanceolatum + lateriflorum + racemosum] 
           4All Viola species lumped to Genus 
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Appendix 7. Floristic summary of three Succession Red Maple Flats types 
Average cover by strata, constancy (const.), fidelity, diagnostic value, and indicator value (IndVal) of prevalent species shown. 
Prevalence is calculated separately for each stratum, and species must be prevalent in at least one type to be included in table (see text 
for definition of terms and calculation of metrics).  Species may be in the table more than once as they receive cover in every stratum 
in which they were observed. Indicator values are expressed once in the adult life form stratum of each species. Non-native species are 
identified by an *. 
Group Name   IIa IIb IIc 
Group Plot Count   5 5 6 
Avg Plot Spp Richness 
(1m2) 
9.0 6.5 2.5 
Avg Plot Spp Richness 
(10m2) 
19.1 14.0 6.0 
Avg Plot Spp Richness 
(100m2) 
40.2 28.7 15.4 
Avg Plot Spp Richness 
(400m2) 
54.3 45.0 26.3 
Group homoteneity 61% 62% 60% 
taxon name stratum const. cover fidelity DV IndVal const. cover fidelity DV IndVal const. cover fidelity DV IndVal 
Acer rubrum T 80% 7 13% 11% 32.2 100% 7 17% 17% -- 83% 7 17% 14% -- 
Bignonia 
capreolata 
T 20% 3 7% 1% -- 40% 2 13% 5% -- -- -- -- -- -- 
Campsis radicans T 60% 4 10% 6% -- 60% 2 10% 6% -- 67% 3 13% 9% -- 
Carpinus 
caroliniana 
T 20% 4 9% 2% -- 40% 6 18% 7% -- 33% 4 18% 6% -- 
Carya aquatica T -- -- -- -- -- 60% 5 16% 9% -- 33% 5 11% 4% -- 
Celtis laevigata T -- -- -- -- -- -- -- -- -- -- 50% 4 14% 7% -- 
Crataegus viridis T -- -- -- -- -- 40% 4 50% 20% -- -- -- -- -- -- 
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Fraxinus 
caroliniana 
T 40% 5 40% 16% -- -- -- -- -- -- -- -- -- -- -- 
Fraxinus 
pennsylvanica 
T 20% 6 3% 1% -- 60% 5 8% 5% -- 83% 7 14% 11% -- 
Liquidambar 
styraciflua 
T 80% 7 12% 9% -- 60% 5 9% 5% -- 100% 6 18% 18% -- 
Nyssa aquatica T -- -- -- -- -- -- -- -- -- -- 33% 7 20% 7% -- 
Nyssa biflora T 80% 6 44% 36% 54.4 40% 6 22% 9% -- -- -- -- -- -- 
Parthenocissus 
quinquefolia 
T 20% 3 4% 1% -- 40% 2 8% 3% -- 17% 2 4% 1% -- 
Platanus 
occidentalis 
T 40% 4 7% 3% -- -- -- -- -- -- 33% 6 7% 2% -- 
Quercus laurifolia T 40% 4 40% 16% -- 20% 3 20% 4% -- -- -- -- -- -- 
Quercus lyrata T -- -- -- -- -- 60% 7 21% 13% -- 67% 7 29% 19% -- 
Quercus pagoda T -- -- -- -- -- 40% 6 14% 6% -- -- -- -- -- -- 
Quercus phellos T -- -- -- -- -- 80% 6 57% 46% 43.8 -- -- -- -- -- 
Smilax 
rotundifolia  
T 20% 2 8% 2% -- 40% 2 15% 6% -- 17% 2 8% 1% -- 
Taxodium 
distichum 
T 80% 8 12% 9% -- 40% 6 6% 2% -- 67% 7 12% 8% -- 
Toxicodendron 
radicans 
T 80% 3 12% 10% -- 60% 3 9% 5% -- 33% 3 6% 2% -- 
Ulmus americana T 40% 6 6% 3% -- 60% 3 10% 6% -- 67% 6 13% 9% -- 
Vitis rotundifolia  T -- -- -- -- -- 40% 4 10% 4% -- 33% 3 10% 3% -- 
taxon name stratum const. cover fidelity DV IndVal const. cover fidelity DV IndVal const. cover fidelity DV IndVal 
Acer rubrum S 80% 5 13% 10% -- 80% 3 13% 10% -- 100% 4 19% 19% -- 
Bignonia 
capreolata 
S 40% 2 13% 5% -- 20% 2 6% 1% -- 17% 3 6% 1% -- 
Campsis radicans S 40% 2 9% 3% -- 40% 2 9% 3% -- 50% 2 13% 7% -- 
Carpinus 
caroliniana  
S 60% 5 10% 6% -- 60% 4 10% 6% -- 50% 4 10% 5% -- 
Crataegus viridis S 20% 2 4% 1% -- 20% 3 4% 1% -- 50% 4 13% 7% -- 
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Fraxinus 
caroliniana 
S 60% 3 21% 13% -- -- -- -- -- -- -- -- -- -- -- 
Ilex decidua S 80% 2 9% 7% -- 60% 3 7% 4% -- 67% 7 9% 6% -- 
Itea virginica S 40% 2 29% 11% 53.5 -- -- -- -- -- -- -- -- -- -- 
Liquidambar 
styraciflua 
S 80% 3 22% 18% -- 40% 2 11% 4% -- 50% 3 17% 8% -- 
Parthenocissus 
quinquefolia 
S -- -- -- -- -- 40% 2 11% 4% -- 17% 2 6% 1% -- 
Quercus lyrata S 20% 2 9% 2% -- -- -- -- -- -- 50% 4 27% 14% -- 
Smilax 
rotundifolia  
S 40% 4 7% 3% -- 60% 3 10% 6% -- 50% 2 10% 5% -- 
Smilax walteri S 40% 2 33% 13% -- -- -- -- -- -- -- -- -- -- -- 
Taxodium 
distichum 
S 40% 5 25% 10% -- -- -- -- -- -- 17% 3 13% 2% -- 
Toxicodendron 
radicans 
S 40% 3 5% 2% -- 80% 2 10% 8% -- 50% 2 7% 4% -- 
Ulmus alata S -- -- -- -- -- 20% 3 6% 1% -- 33% 3 11% 4% -- 
Ulmus americana S 40% 3 10% 4% -- 20% 5 5% 1% -- 33% 4 10% 3% -- 
taxon name stratum const. cover fidelity DV IndVal const. cover fidelity DV IndVal const. cover fidelity DV IndVal 
Acer rubrum H 80% 2 13% 10% -- 80% 2 13% 10% -- 83% 2 16% 13% -- 
Ampelopsis 
arborea 
H 40% 2 17% 7% -- -- -- -- -- -- -- -- -- -- -- 
Arundinaria tecta H -- -- -- -- -- 60% 4 20% 12% -- 17% 2 7% 1% -- 
Bignonia 
capreolata 
H 40% 2 6% 2% -- 40% 2 6% 2% -- 17% 3 3% 0% -- 
Boehmeria 
cylindrica 
H 100% 3 12% 12% -- 60% 2 7% 4% -- 33% 2 5% 2% -- 
Campsis radicans H 80% 2 8% 6% -- 100% 2 10% 10% -- 100% 2 12% 12% -- 
Carex [radiata + 
rosea] 
H 60% 6 18% 11% 54.5 20% 2 6% 1% -- -- -- -- -- -- 
Carex abscondita H 20% 2 4% 1% -- 40% 2 9% 3% -- 17% 1 4% 1% -- 
Carex bromoides H 60% 4 27% 16% 42.8 80% 3 36% 29% -- 17% 1 9% 2% -- 
Carex comosa H 40% 3 100% 40% -- -- -- -- -- -- -- -- -- -- -- 
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Carex crebriflora H -- -- -- -- -- 40% 4 11% 4% -- -- -- -- -- -- 
Carex crinita H 40% 7 67% 27% 39.7 -- -- -- -- -- -- -- -- -- -- 
Carex gigantea H -- -- -- -- -- 100% 3 56% 56% 68.2 -- -- -- -- -- 
Carex grayi H 40% 5 8% 3% -- 20% 2 4% 1% -- 67% 6 17% 11% -- 
Carex 
intumescens 
H 60% 4 33% 20% 51.6 -- -- -- -- -- 17% 2 11% 2% -- 
Carex louisianica H 20% 3 3% 1% -- 80% 4 12% 9% -- 50% 2 9% 4% -- 
Carex lupulina H 60% 5 20% 12% -- -- -- -- -- -- 17% 3 7% 1% -- 
Carex stipata H 40% 2 40% 16% -- -- -- -- -- -- -- -- -- -- -- 
Carex tribuloides H -- -- -- -- -- 100% 3 23% 23% -- 33% 2 9% 3% -- 
Carex typhina H 60% 2 9% 5% -- -- -- -- -- -- 67% 2 12% 8% -- 
Carpinus 
caroliniana 
H 40% 2 7% 3% -- 20% 2 4% 1% -- 33% 2 7% 2% -- 
Celtis laevigata H 60% 2 6% 4% -- 60% 2 6% 4% -- 83% 2 10% 8% -- 
Clematis crispa H 20% 1 8% 2% -- 40% 2 17% 7% -- -- -- -- -- -- 
Crataegus viridis H -- -- -- -- -- 80% 2 17% 14% -- 50% 2 13% 7% -- 
Dichanthelium 
commutatum 
H 40% 1 9% 3% -- 80% 2 17% 14% 32.3 -- -- -- -- -- 
Dichanthelium 
yadkinense 
H 60% 2 50% 30% -- 20% 2 17% 3% -- -- -- -- -- -- 
Diospyros 
virginiana 
H -- -- -- -- -- 60% 2 21% 13% -- 17% 2 7% 1% -- 
Fraxinus 
caroliniana 
H 60% 2 43% 26% -- -- -- -- -- -- -- -- -- -- -- 
Fraxinus 
pennsylvanica 
H 20% 2 2% 0% -- 80% 3 9% 7% -- 100% 2 13% 13% -- 
Galium obtusum H 20% 3 6% 1% -- 80% 2 25% 20% -- 17% 1 6% 1% -- 
Hydrocotyle 
group 1
1
 
H 20% 2 13% 3% -- 60% 2 38% 23% -- 17% 2 13% 2% -- 
Ilex decidua H 40% 2 6% 3% -- 40% 2 6% 3% -- 67% 2 13% 8% -- 
Itea virginica H 80% 2 33% 27% -- -- -- -- -- -- 17% 2 8% 1% -- 
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Liquidambar 
styraciflua 
H 100% 2 13% 13% -- 80% 3 10% 8% -- 50% 2 8% 4% -- 
Lonicera 
japonica* 
H 20% 2 4% 1% -- 40% 2 7% 3% -- -- -- -- -- -- 
Lycopus virginicus H 60% 2 19% 11% -- 60% 2 19% 11% -- -- -- -- -- -- 
Microstegium 
vimineum* 
H 80% 2 11% 9% -- 60% 4 9% 5% -- 17% 2 3% 0% -- 
Mitchella repens H 60% 2 19% 11% -- 60% 2 19% 11% -- -- -- -- -- -- 
Murdannia 
keisak* 
H 60% 2 13% 8% -- 20% 4 4% 1% -- -- -- -- -- -- 
Myriophyllum
2
 H 40% 3 100% 40% 39.9 -- -- -- -- -- -- -- -- -- -- 
Onoclea sensibilis H 40% 3 18% 7% -- 20% 1 9% 2% -- -- -- -- -- -- 
Osmunda regalis H 80% 2 80% 64% 75.7 -- -- -- -- -- -- -- -- -- -- 
Panicum group 1
3
 H -- -- -- -- -- 20% 3 20% 4% -- 33% 2 40% 13% -- 
Parthenocissus 
quinquefolia 
H 80% 3 9% 7% -- 80% 2 9% 7% -- 83% 2 12% 10% -- 
Peltandra 
virginica 
H 80% 3 31% 25% 58.5 20% 2 8% 2% -- -- -- -- -- -- 
Persicaria 
[punctata+ 
hydropiper] 
H -- -- -- -- -- 40% 2 18% 7% -- -- -- -- -- -- 
Persicaria 
virginiana 
H 40% 3 11% 4% -- 20% 2 6% 1% -- 33% 2 11% 4% -- 
Pilea pumila H 40% 2 18% 7% -- -- -- -- -- -- 17% 2 9% 2% -- 
Poa cuspidata H -- -- -- -- -- 60% 3 20% 12% -- -- -- -- -- -- 
Populus 
heterophylla 
H 20% 2 11% 2% -- 40% 1 22% 9% -- 50% 2 33% 17% -- 
Quercus laurifolia H 40% 1 25% 10% -- -- -- -- -- -- 50% 2 38% 19% -- 
Quercus lyrata H -- -- -- -- -- 40% 2 17% 7% -- 33% 3 17% 6% -- 
Quercus pagoda H 20% 1 8% 2% -- 40% 2 17% 7% -- -- -- -- -- -- 
Quercus phellos H 20% 2 13% 3% -- 60% 2 38% 23% -- -- -- -- -- -- 
Rubus group 1
4
 H 80% 4 15% 12% 58.4 60% 2 11% 7% -- 33% 2 7% 2% -- 
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Saururus cernuus H 80% 7 10% 8% 34.5 60% 3 8% 5% -- 33% 2 5% 2% -- 
Smilax bona-nox H 60% 2 7% 4% -- 80% 2 9% 7% -- 67% 2 9% 6% -- 
Smilax hispida H -- -- -- -- -- 20% 2 3% 1% -- 33% 3 6% 2% -- 
Smilax 
rotundifolia 
H 100% 2 10% 10% -- 100% 3 10% 10% -- 100% 3 12% 12% -- 
Smilax walteri H 60% 2 27% 16% -- -- -- -- -- -- 33% 2 18% 6% -- 
Symphyotrichum 
group 1
5
 
H 20% 2 3% 1% -- 80% 2 10% 8% -- 33% 2 5% 2% -- 
Taxodium 
distichum 
H 100% 2 15% 15% -- 20% 2 3% 1% -- 67% 2 12% 8% -- 
Tillandsia 
usneoides 
H 40% 2 17% 7% -- -- -- -- -- -- 33% 2 17% 6% -- 
Toxicodendron 
radicans 
H 100% 2 8% 8% -- 100% 3 8% 8% -- 83% 2 8% 7% -- 
Trachelospermum 
difforme 
H -- -- -- -- -- 60% 2 14% 8% -- 17% 2 5% 1% -- 
Triadenum 
walteri 
H 100% 3 31% 31% 58.2 20% 2 6% 1% -- 33% 2 13% 4% -- 
Ulmus alata H 40% 2 6% 2% -- 100% 2 14% 14% -- 50% 2 8% 4% -- 
Ulmus americana H 20% 2 4% 1% -- -- -- -- -- -- 50% 2 13% 6% -- 
Viola group 1
6
 H 40% 2 4% 2% -- 60% 2 6% 4% -- 33% 2 4% 1% -- 
Vitis rotundifolia  H 80% 2 11% 9% -- 60% 2 8% 5% -- 83% 2 14% 11% -- 
Woodwardia 
areolata 
H 80% 2 80% 64% 98.4 -- -- -- -- -- 17% 1 0.2 3% -- 
1
[prolifera+subverticillata+umbellata] 
             2All Myriophyllum species lumped to Genus 
            3All Panicum species lumped to Genus 
             4All Rubus species lumped to Genus 
             5[lanceolatum + lateriflorum + racemosum] 
            6All Viola species lumped to Genus 
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Appendix 8. Floristic summary of two Water Hickory Swamp Forest types 
Average cover by strata, constancy (const.), fidelity, diagnostic value, and indicator value (IndVal) of prevalent species shown. 
Prevalence is calculated separately for each stratum, and species must be prevalent in at least one type to be included in table (see text 
for definition of terms and calculation of metrics).  Species may be in the table more than once as they receive cover in every stratum 
in which they were observed. Indicator values are expressed once in the adult life form stratum of each species. Non-native species are 
identified by an *. 
Group Name   IIIa IIIb 
Group Plot Count   8 6 
Avg Plot Spp Richness (1m2)   4.7 4.6 
Avg Plot Spp Richness (10m2)   10.8 10.7 
Avg Plot Spp Richness (100m2)   23.5 22.3 
Avg Plot Spp Richness (400m2)   37.6 39.3 
Group homoteneity   63% 67% 
taxon name stratum const. cover fidelity DV IndVal const. cover fidelity DV IndVal 
Betula nigra T 38% 5 19% 7% -- 67% 5 25% 17% -- 
Campsis radicans T 50% 3 13% 7% -- 83% 3 17% 14% -- 
Carya aquatica T 75% 6 32% 24% -- 83% 7 26% 22% 49.6 
Fraxinus pennsylvanica T 63% 6 14% 8% -- 83% 5 14% 11% -- 
Liquidambar styraciflua T -- -- -- -- -- 50% 5 9% 4% -- 
Nyssa aquatica T -- -- -- -- -- 33% 5 20% 7% -- 
Platanus occidentalis T 63% 7 19% 12% -- 50% 3 11% 6% -- 
Quercus laurifolia T -- -- -- -- -- 33% 6 40% 13% -- 
Quercus lyrata T 25% 6 14% 4% -- 67% 6 29% 19% -- 
Taxodium distichum T 100% 8 24% 24% -- 83% 6 15% 12% -- 
Tillandsia usneoides T 38% 2 20% 8% -- 33% 2 13% 4% -- 
Toxicodendron radicans T 38% 4 9% 3% -- -- -- -- -- -- 
Ulmus americana T 13% 6 3% 0% -- 100% 6 19% 19% 29.2 
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Vitis cinerea T 13% 4 11% 1% -- 50% 4 33% 17% -- 
taxon name stratum const. cover fidelity DV IndVal const. cover fidelity DV IndVal 
Acer rubrum S 13% 4 3% 0% -- 50% 4 9% 5% -- 
Betula nigra S 50% 3 36% 18% -- -- -- -- -- -- 
Campsis radicans S 50% 3 17% 9% -- 67% 3 17% 12% -- 
Carpinus caroliniana S 25% 4 6% 2% -- 33% 7 6% 2% -- 
Crataegus viridis S 63% 4 22% 14% 38.1 50% 5 13% 7% -- 
Fraxinus caroliniana S 38% 6 21% 8% -- 17% 8 7% 1% -- 
Fraxinus pennsylvanica S 25% 3 9% 2% -- 50% 2 13% 7% -- 
Ilex decidua S 100% 4 18% 18% -- 83% 4 11% 9% -- 
Quercus lyrata S 50% 4 36% 18% -- -- -- -- -- -- 
Smilax bona-nox S -- -- -- -- -- 67% 2 36% 24% -- 
Smilax rotundifolia S 63% 2 17% 11% -- 50% 3 10% 5% 46.5 
Toxicodendron radicans S 63% 3 12% 8% -- 67% 3 10% 7% -- 
taxon name stratum const. cover fidelity DV IndVal const. cover fidelity DV IndVal 
Acer negundo var. negundo H 38% 2 10% 4% -- 33% 2 6% 2% -- 
Alternanthera philoxeroides * H 63% 2 29% 18% -- 50% 2 18% 9% -- 
Ampelopsis arborea H 13% 1 8% 1% -- 83% 2 42% 35% 44.5 
Bidens frondosa H 63% 2 23% 14% -- 83% 2 23% 19% -- 
Bignonia capreolata H -- -- -- -- -- 67% 2 12% 8% -- 
Boehmeria cylindrica H 75% 2 14% 10% -- 67% 2 9% 6% -- 
Campsis radicans H 88% 4 13% 12% -- 100% 3 12% 12% -- 
Carex corrugata H 38% 3 17% 6% -- 67% 2 22% 15% -- 
Carex louisianica H 88% 4 21% 18% -- 67% 5 12% 8% -- 
Carex tribuloides H 50% 2 18% 9% -- 17% 2 5% 1% -- 
Carex typhina H 75% 6 18% 14% -- 100% 2 18% 18% -- 
Carpinus caroliniana H 13% 1 4% 0% -- 50% 2 11% 6% -- 
Carya aquatica H 75% 2 35% 26% -- 83% 2 29% 25% -- 
Celtis laevigata H 75% 2 12% 9% -- 50% 2 6% 3% -- 
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Commelina virginica H 50% 2 19% 10% -- 17% 2 5% 1% -- 
Crataegus viridis H 75% 2 26% 20% -- 50% 2 13% 7% -- 
Fraxinus pennsylvanica H 88% 2 15% 13% -- 50% 2 6% 3% -- 
Hibiscus laevis H 63% 2 28% 17% -- 50% 2 17% 8% -- 
Hypoxis hirsute H -- -- -- -- -- 33% 4 100% 33% -- 
Ilex decidua H 50% 3 13% 6% -- 50% 2 9% 5% -- 
Leersia oryzoides H 38% 3 23% 9% -- 33% 2 15% 5% -- 
Leersia virginica H 38% 5 13% 5% -- 50% 2 13% 7% -- 
Liquidambar styraciflua H 50% 2 10% 5% -- 67% 2 10% 7% -- 
Murdannia keisak * H 75% 2 26% 20% -- 17% 2 4% 1% -- 
Quercus lyrata H 13% 2 8% 1% -- 50% 2 25% 13% -- 
Saururus cernuus H 88% 3 18% 15% -- 83% 6 13% 10% -- 
Smilax bona-nox H 25% 3 5% 1% -- 67% 4 9% 6% -- 
Smilax hispida H 75% 2 17% 13% -- 83% 3 14% 12% -- 
Smilax rotundifolia H 75% 6 12% 9% -- 100% 5 12% 12% -- 
Symphyotrichum group 1
1
 H 63% 6 13% 8% -- 83% 2 13% 11% -- 
Taxodium distichum H 88% 2 21% 19% -- 67% 2 12% 8% -- 
Toxicodendron radicans H 100% 3 13% 13% -- 83% 5 8% 7% -- 
Trachelospermum difforme H 50% 2 18% 9% -- 83% 5 23% 19% 75.0 
Ulmus alata H 38% 2 8% 3% -- -- -- -- -- -- 
Ulmus americana H 63% 2 21% 13% -- 100% 2 25% 25% -- 
Viola group 1
2
 H 88% 2 15% 13% -- 100% 4 13% 13% 42.1 
1
[lanceolatum + lateriflorum + racemosum]            
2
All Viola species lumped to Genus            
1
1
1
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Appendix 9. Floristic summary of Sand and Mud Bar type 
Average cover by strata, constancy (const.), fidelity, diagnostic value, and indicator value 
(IndVal) of prevalent species shown. Prevalence is calculated separately for each stratum, 
and species must be prevalent in at least one type to be included in table (see text for 
definition of terms and calculation of metrics).  Species may be in the table more than once 
as they receive cover in every stratum in which they were observed. Indicator values are 
expressed once in the adult life form stratum of each species. Non-native species are 
identified by an *. 
Group Name   IV 
Group Plot Count   6 
Avg Plot Spp Richness (1m2)   9.6 
Avg Plot Spp Richness (10m2)   17.8 
Avg Plot Spp Richness (100m2)   33.9 
Avg Plot Spp Richness (400m2)   52.2 
Group homoteneity   63% 
taxon name stratum const. cover fidelity DV IndVal 
Betula nigra T 67% 7 25% 17% 54.8 
Fraxinus pennsylvanica T 50% 6 8% 4% -- 
Platanus occidentalis T 50% 4 11% 6% -- 
Salix nigra T 67% 6 80% 53% 79.4 
Vitis cinerea T 33% 5 22% 7% -- 
taxon name stratum const. cover fidelity DV IndVal 
Acer negundo var. negundo S 67% 6 20% 13% -- 
Betula nigra S 67% 3 36% 24% -- 
Crataegus viridis S 33% 4 9% 3% -- 
Salix nigra S 50% 7 75% 38% -- 
taxon name stratum const. cover fidelity DV IndVal 
Acer negundo var. negundo H 50% 2 10% 5% -- 
Alternanthera philoxeroides * H 100% 7 35% 35% 95.0 
Bidens frondosa H 67% 2 18% 12% -- 
Boehmeria cylindrica H 100% 3 14% 14% 28.8 
Campsis radicans H 50% 2 6% 3% -- 
Carex louisianica H 67% 5 12% 8% -- 
Carex lupulina H 83% 4 33% 28% -- 
Carex tribuloides H 67% 5 18% 12% -- 
Carex typhina H 100% 3 18% 18% -- 
Carya aquatica H 50% 2 18% 9% -- 
Celtis laevigata H 83% 2 10% 8% -- 
Chasmanthium latifolium H 33% 5 14% 5% -- 
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Commelina communis H 50% 5 43% 21% 47.7 
Commelina virginica H 83% 3 24% 20% 51.4 
Digitaria sanguinalis H 33% 6 100% 33% 33.3 
Echinochloa crusgalli  H 50% 5 100% 50% 50.0 
Eclipta prostrata H 50% 2 60% 30% 32.8 
Elymus virginicus H 50% 4 13% 6% -- 
Erechtites hieracifolia H 67% 2 50% 33% 56.2 
Fraxinus pennsylvanica H 83% 3 11% 9% -- 
Hibiscus laevis H 100% 4 33% 33% 73.9 
Humulus japonicus * H 50% 4 60% 30% 45.7 
Ilex decidua H 50% 2 9% 5% -- 
Ipomoea
1
 H 50% 2 75% 38% 37.5 
Leersia virginica H 67% 6 17% 12% 53.8 
Lobelia
2
 H 50% 4 43% 21% -- 
Microstegium vimineum * H 100% 4 17% 17% -- 
Mikania scandens H 50% 2 27% 14% -- 
Murdannia keisak * H 100% 4 26% 26% 57.3 
Oxalis
3
 H 83% 2 38% 32% 57.2 
Peltandra virginica H 83% 2 38% 32% -- 
Persicaria [punctata+hydropiper] H 67% 3 36% 24% 42.7 
Persicaria sagittata H 50% 1 100% 50% 50.0 
Pluchea camphorata H 33% 4 40% 13% -- 
Ptilimnium capillaceum H 50% 2 33% 17% -- 
Rumex conglomeratus H 67% 3 50% 33% 55.0 
Rumex crispus H 50% 2 100% 50% 50.0 
Saururus cernuus H 100% 5 15% 15% -- 
Smilax hispida H 33% 4 6% 2% -- 
Symphyotrichum group 1
4
 H 83% 3 13% 11% -- 
Taxodium distichum H 100% 2 18% 18% -- 
Ulmus alata H 83% 2 14% 12% -- 
Viola
5
 H 67% 2 8% 6% -- 
Vitis cinerea H 33% 4 17% 6% -- 
1
All Ipomoea species lumped to Genus       
2
All Lobelia species lumped to Genus       
3
All Oxalis species lumped to Genus       
4
[lanceolatum + lateriflorum + racemosum]       
5
All Viola species lumped to Genus       
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Appendix 10. Floristic summary of Oak Bottomlands type 
Average cover by strata, constancy (const.), fidelity, diagnostic value, and indicator value 
(IndVal) of prevalent species shown. Prevalence is calculated separately for each stratum, 
and species must be prevalent in at least one type to be included in table (see text for 
definition of terms and calculation of metrics).  Species may be in the table more than once 
as they receive cover in every stratum in which they were observed. Indicator values are 
expressed once in the adult life form stratum of each species when possible. Non-native 
species are identified by an *. 
Group Name   V 
Group Plot Count   14 
Group Avg Plot Spp Richness (1m2)   7.0 
Group Avg Plot Spp Richness (10m2)   17.8 
Group Avg Plot Spp Richness (100m2)   35.4 
Group Avg Plot Spp Richness (400m2)   53.9 
Group homoteneity   62% 
taxon name stratum const. cover fidelity DV IndVal 
Acer rubrum T 57% 6 27% 15% -- 
Bignonia capreolata T 57% 2 53% 30% -- 
Campsis radicans T 36% 3 17% 6% -- 
Carya cordiformis T 64% 7 64% 41% 64.9 
Celtis laevigata T 43% 6 27% 12% -- 
Fraxinus pennsylvanica T 43% 5 16% 7% -- 
Liquidambar styraciflua T 100% 6 41% 41% 28.8 
Parthenocissus quinquefolia T 86% 3 48% 41% -- 
Quercus michauxii T 36% 6 71% 26% 60.9 
Quercus pagoda T 79% 7 79% 62% 68.0 
Smilax rotundifolia T 36% 4 38% 14% -- 
Toxicodendron radicans T 71% 3 30% 22% -- 
Ulmus alata T 64% 6 75% 48% 77.3 
Ulmus americana T 43% 5 19% 8% -- 
Vitis rotundifolia T 86% 5 60% 51% 67.8 
taxon name stratum const. cover fidelity DV IndVal 
Acer floridanum S 50% 5 70% 35% 42.4 
Acer rubrum S 64% 5 28% 18% -- 
Asimina triloba S 43% 4 50% 21% -- 
Bignonia capreolata S 57% 2 50% 29% -- 
Carpinus caroliniana S 93% 6 42% 39% 33.3 
Carya cordiformis S 57% 5 89% 51% -- 
Celtis laevigata S 43% 5 40% 17% -- 
Fagus grandifolia S 36% 6 83% 30% 39.2 
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Fraxinus pennsylvanica S 36% 2 22% 8% -- 
Ilex decidua S 57% 6 18% 10% -- 
Ilex opaca var. opaca S 57% 5 73% 42% 84.9 
Parthenocissus quinquefolia S 64% 2 50% 32% -- 
Quercus michauxii S 36% 4 100% 36% -- 
Smilax rotundifolia S 57% 3 28% 16% -- 
Toxicodendron radicans S 71% 2 24% 17% -- 
Ulmus alata S 86% 6 67% 57% -- 
Ulmus americana S 57% 4 38% 22% -- 
Ulmus rubra S 43% 5 75% 32% -- 
Vitis rotundifolia S 57% 3 62% 35% -- 
taxon name stratum const. cover fidelity DV IndVal 
[Gonolobus + Matelea] group 1
1
 H 50% 2 35% 18% -- 
Acer floridanum H 50% 2 50% 25% -- 
Acer negundo var. negundo H 71% 2 32% 23% -- 
Acer rubrum H 79% 2 34% 27% -- 
Arundinaria tecta H 50% 4 47% 23% -- 
Asimina triloba H 79% 2 73% 58% -- 
Asplenium platyneuron H 64% 2 69% 45% -- 
Bignonia capreolata H 100% 2 41% 41% -- 
Boehmeria cylindrica H 43% 2 14% 6% -- 
Campsis radicans H 71% 2 19% 14% -- 
Carex [flaccosperma+pigra+glaucodea] H 36% 3 71% 26% -- 
Carex [radiata + rosea] H 57% 2 47% 27% -- 
Carex abscondita     H 79% 6 48% 38% 74.4 
Carex crebriflora H 57% 2 44% 25% -- 
Carex digitalis H 36% 4 83% 30% -- 
Carex louisianica H 36% 2 15% 5% -- 
Carpinus caroliniana H 86% 2 44% 38% -- 
Carya cordiformis H 86% 3 44% 38% -- 
Celtis laevigata H 93% 2 25% 24% -- 
Dichanthelium commutatum H 86% 2 52% 45% -- 
Diospyros virginiana H 50% 2 50% 25% -- 
Elymus virginicus H 36% 3 21% 7% -- 
Euonymus americanus H 71% 2 71% 51% 57.6 
Fraxinus pennsylvanica H 79% 2 23% 18% -- 
Ilex decidua H 57% 2 25% 14% -- 
Ilex opaca var. opaca H 71% 2 53% 38% -- 
Leersia virginica H 43% 2 26% 11% -- 
Ligustrum sinense * H 93% 2 43% 40% -- 
Lindera benzoin H 43% 2 55% 23% -- 
Liquidambar styraciflua H 86% 2 30% 26% -- 
Lonicera japonica * H 93% 2 46% 43% -- 
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Microstegium vimineum * H 71% 2 29% 20% -- 
Mitchella repens H 50% 2 44% 22% -- 
Parthenocissus quinquefolia H 100% 3 33% 33% -- 
Poa cuspidata H 43% 4 40% 17% -- 
Polystichum acrostichoides H 36% 5 83% 30% -- 
Quercus pagoda H 43% 2 50% 21% -- 
Rubus group 1
2
 H 71% 2 37% 26% -- 
Sanicula canadensis H 64% 2 64% 41% -- 
Sceptridium biternatum H 43% 2 75% 32% 26.6 
Smilax bona-nox H 93% 2 30% 28% -- 
Smilax glauca H 57% 2 47% 27% -- 
Smilax hispida H 57% 2 23% 13% -- 
Smilax rotundifolia H 93% 2 26% 24% -- 
Symphyotrichum group 1 H 43% 2 15% 7% -- 
Toxicodendron radicans H 100% 2 23% 23% -- 
Trachelospermum difforme H 43% 2 27% 12% -- 
Ulmus alata H 79% 2 31% 24% -- 
Viburnum prunifolium H 64% 2 100% 64% 64.3 
Viola group 1
4
 H 86% 2 25% 21% -- 
Vitis rotundifolia H 93% 3 35% 33% -- 
1
All Gonolobus and Matelea species lumped to 
one group       
2
All Rubus species lumped to Genus       
3
 [lanceolatum + lateriflorum + racemosum]       
4
All Viola species lumped to Genus       
 
 
 
  
Appendix 11. Floristic summary of two Levee Forest types 
Average cover by strata, constancy (const.), fidelity, diagnostic value, and indicator value (IndVal) of prevalent species in the two 
Levee forest types. Prevalence is calculated separately for each stratum, and species must be prevalent in at least one type to be 
included in table (see text for definition of terms and calculation of metrics).  Species may be in the table more than once as they 
receive cover in every stratum in which they were observed. Indicator values are expressed once in the adult life form stratum of each 
species when possible. Non-native species are identified by an *. 
Group Name   VIa VIb 
Group Plot Count   6 6 
Avg Plot Spp Richness (1m2)   9.0 6.9 
Avg Plot Spp Richness (10m2)   17.2 14.2 
Avg Plot Spp Richness (100m2)   32.0 28.3 
Avg Plot Spp Richness (400m2)   49.4 42.0 
Group homoteneity   65% 68% 
taxon name stratum const. cover fidelity DV IndVal const. cover fidelity DV IndVal 
Acer floridanum T 33% 5 25% 8% -- 33% 4 25% 8% -- 
Acer negundo var. negundo T 83% 7 38% 32% 41.9 83% 6 38% 32% -- 
Aesculus sylvatica T 50% 7 100% 50% -- -- -- -- -- -- 
Asimina triloba T 50% 5 100% 50% -- -- -- -- -- -- 
Berchemia scandens T -- -- -- -- -- 33% 4 29% 10% -- 
Betula nigra T -- -- -- -- -- 33% 4 13% 4% -- 
Bignonia capreolata T 50% 2 20% 10% -- -- -- -- -- -- 
Campsis radicans T 67% 4 13% 9% -- 33% 3 7% 2% -- 
Carpinus caroliniana T 33% 5 18% 6% -- 17% 5 9% 2% -- 
Carya cordiformis T 67% 6 29% 19% -- 17% 4 7% 1% -- 
Celtis laevigata T 100% 7 27% 27% -- 100% 7 27% 27% 43.3 
Fraxinus pennsylvanica T 17% 4 3% 0% -- 100% 7 16% 16% 34.2 
1
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Juglans nigra T 50% 6 75% 38% 41.8 -- -- -- -- -- 
Liquidambar styraciflua T 33% 7 6% 2% -- 33% 6 6% 2% -- 
Liriodendron tulipifera T 33% 6 40% 13% -- -- -- -- -- -- 
Parthenocissus quinquefolia T 83% 2 20% 17% -- 67% 2 16% 11% -- 
Platanus occidentalis T 67% 7 15% 10% -- 67% 6 15% 10% -- 
Populus deltoides T 50% 7 75% 38% 47.3 -- -- -- -- -- 
Taxodium distichum T -- -- -- -- -- 33% 6 6% 2% -- 
Toxicodendron radicans T 83% 4 15% 13% -- 100% 5 18% 18% -- 
Ulmus americana T 67% 7 13% 9% -- 50% 6 10% 5% -- 
taxon name stratum const. cover fidelity DV IndVal const. cover fidelity DV IndVal 
Acer negundo var. negundo S 50% 4 15% 8% -- 83% 6 25% 21% -- 
Aesculus sylvatica S 50% 6 38% 19% 66.8 17% 2 13% 2% -- 
Asimina triloba S 83% 4 42% 35% 23.2 17% 3 8% 1% -- 
Berchemia scandens S -- -- -- -- -- 33% 3 25% 8% -- 
Campsis radicans S 33% 2 9% 3% -- 33% 3 9% 3% -- 
Carpinus caroliniana S 17% 8 3% 1% -- 33% 4 6% 2% -- 
Celtis laevigata S 33% 2 13% 4% -- 67% 4 27% 18% -- 
Fraxinus pennsylvanica S 17% 2 4% 1% -- 67% 3 17% 12% -- 
Ilex decidua S 50% 4 7% 3% -- 67% 4 9% 6% -- 
Ligustrum sinense * S 100% 6 50% 50% 70.6 17% 6 8% 1% -- 
Lindera benzoin S 83% 4 45% 38% 73.3 33% 2 18% 6% -- 
Lonicera japonica * S 50% 2 38% 19% -- 17% 4 13% 2% 44.1 
Parthenocissus quinquefolia S 50% 2 17% 8% -- 50% 2 17% 8% -- 
Smilax rotundifolia S 33% 2 7% 2% -- 50% 2 10% 5% -- 
Toxicodendron radicans S 50% 2 7% 4% -- 100% 4 15% 15% -- 
Ulmus alata S 33% 4 11% 4% -- 17% 7 6% 1% -- 
Ulmus americana S 17% 4 5% 1% -- 50% 4 14% 7% -- 
taxon name stratum const. cover fidelity DV IndVal const. cover fidelity DV IndVal 
[Gonolobus + Matelea] group 
1
1
 
H 100% 2 30% 30% 39.9 50% 2 15% 8% -- 
1
1
8
 
  
Acer floridanum H 67% 2 29% 19% -- 33% 2 14% 5% -- 
Acer negundo var. negundo H 83% 2 16% 13% -- 83% 3 16% 13% -- 
Aesculus sylvatica H 67% 2 50% 33% -- 17% 2 13% 2% -- 
Arundinaria tecta H 50% 4 20% 10% -- 17% 2 7% 1% -- 
Bignonia capreolata H 100% 2 18% 18% 30.0 67% 3 12% 8% -- 
Boehmeria cylindrica H -- -- -- -- -- 83% 2 12% 10% -- 
Campsis radicans H 83% 2 10% 8% -- 50% 2 6% 3% -- 
Carex [radiata + rosea] H 50% 4 18% 9% -- 17% 1 6% 1% -- 
Carex abscondita H 67% 2 17% 12% -- 50% 2 13% 7% -- 
Carex amphibola H 50% 6 20% 10% -- 17% 2 7% 1% -- 
Carex corrugata H -- -- -- -- -- 83% 2 28% 23% -- 
Carex crebriflora H 33% 6 11% 4% -- 67% 4 22% 15% -- 
Carex grayi H 83% 5 21% 17% -- 100% 6 25% 25% 61.4 
Carex jamesii H 50% 7 100% 50% 50.0 -- -- -- -- -- 
Carya cordiformis H 83% 2 19% 15% -- 83% 2 19% 15% -- 
Celtis laevigata H 83% 2 10% 8% -- 100% 3 12% 12% -- 
Chasmanthium latifolium H 17% 2 7% 1% -- 100% 4 43% 43% 66.9 
Commelina virginica H -- -- -- -- -- 50% 2 14% 7% -- 
Corydalis flavula H 50% 3 100% 50% 50.0 -- -- -- -- -- 
Dicliptera brachiata H 33% 2 17% 6% -- 83% 3 42% 35% 54.7 
Elymus virginicus H 83% 4 21% 17% -- 100% 4 25% 25% 46.9 
Euonymus americanus H 50% 2 21% 11% -- 17% 1 7% 1% -- 
Festuca subverticillata H 33% 5 40% 13% -- -- -- -- -- -- 
Fraxinus pennsylvanica H 50% 2 6% 3% -- 100% 2 13% 13% -- 
Galium aparine H 100% 2 75% 75% 92.7 -- -- -- -- -- 
Ilex decidua H 17% 2 3% 1% -- 67% 2 13% 8% -- 
Juglans nigra H 50% 2 100% 50% -- -- -- -- -- -- 
Laportea canadensis H 100% 5 67% 67% 79.3 50% 3 33% 17% -- 
Leersia virginica H 17% 1 4% 1% -- 67% 3 17% 12% -- 
Ligustrum sinense * H 67% 3 13% 9% -- 100% 4 20% 20% -- 
1
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Lindera benzoin H 67% 2 36% 24% -- 17% 2 9% 2% -- 
Liquidambar styraciflua H 33% 2 5% 2% -- 67% 2 10% 7% -- 
Lonicera japonica * H 83% 4 18% 15% -- 83% 4 18% 15% -- 
Microstegium vimineum * H 67% 3 11% 8% -- 83% 6 14% 12% -- 
Myosotis macrosperma H 50% 2 60% 30% 45.3 -- -- -- -- -- 
Osmorhiza longistylis H 50% 3 43% 21% 47.3 -- -- -- -- -- 
Parthenocissus quinquefolia H 100% 2 14% 14% -- 100% 2 14% 14% -- 
Persicaria virginiana H 50% 2 17% 8% -- 67% 2 22% 15% -- 
Rubus group 1
2
 H 17% 1 4% 1% -- 50% 3 11% 6% -- 
Saururus cernuus H 17% 2 3% 0% -- 50% 2 8% 4% -- 
Smilax bona-nox H 83% 2 12% 10% -- 100% 2 14% 14% -- 
Smilax hispida H 67% 2 11% 8% -- 83% 2 14% 12% -- 
Smilax rotundifolia H 50% 2 6% 3% -- 67% 2 8% 5% -- 
Stellaria [media+pubera] H 67% 3 80% 53% 65.9 17% 1 20% 3% -- 
Symphyotrichum group 1
3
 H 17% 1 3% 0% -- 83% 2 13% 11% -- 
Toxicodendron radicans H 100% 2 10% 10% -- 100% 3 10% 10% -- 
Ulmus alata H 33% 2 6% 2% -- 67% 2 11% 7% -- 
Ulmus americana H 17% 1 4% 1% -- 50% 2 13% 6% -- 
Viola group 1
4
 H 83% 2 10% 9% -- 83% 2 10% 9% -- 
Vitis rotundifolia H 17% 3 3% 0% -- 50% 2 8% 4% -- 
1
All Gonolobus and Matelea species lumped to one group         
2
All Rubus species lumped to Genus           
3
 [lanceolatum + lateriflorum + racemosum]          
4
All Viola species lumped to Genus           
1
2
0
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Appendix 12. 70 vegetation plots with assignment to 11 vegetation 
types 
 
Plot code 
Group 
Assignment 
064-02-0956 Ia 
113-01-0009 Ia 
113-01-0026 Ia 
113-01-0054 Ia 
113-01-0032 Ib 
113-01-0051 Ib 
113-01-0055 Ib 
113-01-0056 Ib 
075-01-1007 IIa 
075-01-1008 IIa 
075-04-1012 IIa 
113-01-0017 IIa 
113-01-0050 IIa 
113-01-0002 IIb 
113-01-0003 IIb 
113-01-0004 IIb 
113-01-0027 IIb 
113-01-0044 IIb 
075-08-1003 IIc 
075-08-1004 IIc 
113-01-0005 IIc 
113-01-0007 IIc 
113-01-0020 IIc 
113-01-0059 IIc 
113-01-0013 IIIa 
113-01-0018 IIIa 
113-01-0024 IIIa 
113-01-0028 IIIa 
113-01-0030 IIIa 
113-01-0034 IIIa 
113-01-0040 IIIa 
113-01-0047 IIIa 
113-01-0035 IIIb 
113-01-0036 IIIb 
113-01-0037 IIIb 
113-01-0038 IIIb 
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113-01-0039 IIIb 
113-01-0057 IIIb 
113-01-0011 IV 
113-01-0014 IV 
113-01-0025 IV 
113-01-0029 IV 
113-01-0031 IV 
113-01-0033 IV 
074-07-0035 V 
075-07-1006 V 
113-01-0008 V 
113-01-0010 V 
113-01-0015 V 
113-01-0016 V 
113-01-0021 V 
113-01-0023 V 
113-01-0042 V 
113-01-0045 V 
113-01-0048 V 
113-01-0049 V 
113-01-0058 V 
113-01-0060 V 
075-02-1004 VIa 
075-07-1002 VIa 
075-07-1003 VIa 
113-01-0001 VIa 
113-01-0006 VIa 
113-01-0043 VIa 
113-01-0012 VIb 
113-01-0022 VIb 
113-01-0041 VIb 
113-01-0046 VIb 
113-01-0052 VIb 
113-01-0053 VIb 
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